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ON ELECTRIC CURRENTS INDUCED BY ROTATING 

, MAGNETS, AND THEIR APPLICATION TO SOME 

PHENOMENA OF TERRESTRIAL MAGNETISM. 

By Arthur Schuster, F.R.S., 
Professor of Physics at the Owens College, Manchester. 

Speculative theories on the magnetic and electric relation- 
ship between the Sun and Earth lack all solid basis, until we can 
give an answer to the question, whether interplanetary space is 
to be considered an electric conductor or not. The question is 
not one which can at present be touched by any argument as to 
the possible amount of matter which space may contain, for the 
behavior of gases in our vacuum tubes is so much affected by 
the dimensions of the electrodes and of the vessel, that no con- 
clusions can be drawn as to the electric behavior of molecules 
flying about in a boundless enclosure. 

It is my purpose to show how the behavior of the magnetic 
needle on the surface of the Earth may give us some information 
on the point. If it fails to do so it will be because the con- 
ductivity of space falls below a certain assignable value, and 
even that knowledge will be a gain. 

The Earth as a magnet revolving in a conducting medium, 
about an axis which does not coincide with its magnetic axis, 
must induce electric currents, which in their turn will produce 
certain magnetic and mechanical reactions. These reactions 
may be calculated and their existence tested within certain 
limits. 
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The distribution of electric currents in spherical conductors 
has been completely investigated independently by Professors 
Lamb and Niven, and special cases have been treated by Him- 
stedt, J. Larmor, and O. Heaviside. I am indebted to Professor 
Lamb for advice and help in the present investigation, in which 
I have endeavored to reduce the analytical processes to their 
simplest form, preserving at the same time the complete gener- 
ality of the solution. 

I consider then a magnetic system to revolve inside a spheri- 
cal cavity of a conducting medium. It may be imagined to be 
enclosed within a spherical surface concentric with the cavity, 
so that the space enclosed between the two surfaces is free of 
electric currents or magnetized matter. Nothing is lost by this 
assumption, as the two surfaces may in the limit be taken as 
coinciding. The magnetic potential outside the inner sphere I 
suppose to be expressed in a series of spherical harmonics. 

If referred to axes rotating with the Earth the two surface 
harmonics of type cr and order n may be represented with the 
usual notation by the real and imaginary part of 

• (^-'^)'-^^'''' 

where P^ is the zonal harmonic of degree n, ft the cosine of the 
colatitude and X the longitude measured toward the east. 
Referred to axes fixed in space this term must be written 

Uflt 

m 

where cd is the angular velocity of the Earth. In the outside 
medium the potential will therefore be represented by a series 
of terms like 

— «— I ^ f 

where 0__««x is the solid harmonic of degree — n — i. 

As there is now a factor containing the time, currents will be 
induced in space and each of the components of magnetic force 
^, ^, c, say the first, must satisfy the equation 

(i^a cfa d'a __ da 

5^^ + "^ + ^"^'"'^' 
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where k represents the conductivity of the medium. But as the 
magnetic forces are proportional to ^"^^ it follows that 

da 

di = -""^''' 
and hence 

(V' + /)« = o, (2) 

where y»=:47rKcra)/ and V' denotes the usual operator. The other 
components of magnetic force satisfy the same equation, and 
there is the additional condition that 

da . db dc , ^ 

di + Jy + 7z = °- (3) 

Assuming a uniform conductivity, the solution of the equation 
can be expressed in a series each term of which has the form 
^n{y^)^nt ^ being the distance from the origin and ^„ a solid 
harmonic of degree n. Putting £=yr, the function ^^ is defined by 

Jdi) "T" ^"^^ 

The ambiguity in the sign of the power of the exponential is 
to be removed by the condition as to finiteness at infinity or at 
the origin. In our case we shall have to take e^'^. 

The numerical factor is added to make the notation uniform 
with that of Professor Lamb,* who also gives the following 
relations, which are easily proved : 



_ c 

•''" '''''-- (2«+ I) (2«+3) '''•*' 



(5) 



When instead of ^« we have a solid harmonic of degree 
— n — I we must define ^-i,-, by 

( — Y /id \«^=*=''f 

^-«)= ..3...U-.) '""(t-^)-- 

The three equations (5) hold for negative as well as for 

^Proceedings of the London Mathematical Society ^ Vol. XIII. 
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positive values of n. It will be noticed that ^-.«_x is equal to 
{"•"•"'^^ multiplied by a numerical factor which I designate by 
k^. It is seen that 

^=(2«+3)(2«+l). (6) 



'« + X 



It follows also from equations (5) that 



f^ 'A-. • ^^^ 



We are now prepared to deal with the solution of our 
problem. 

In the space bounded by the revolving and fixed spheres 
there must be a magnetic potential of which one part 0_„_, is 
due to the magnetic system and the other part X^, to the currents 
induced in the outer space. Continuous with the magnetic 
forces due to this potential we must in the outer space have 
forces which satisfy the equation (2) and therefore consist of 
terms having the form (3). We satisfy the conditions by put- 
ting in the conducting medium, apart from the time factor 

a = ^._. (0 ^- + ^__(i) ^^ (8) 

and in the cavity 

« = ^«-.(4)^- + ^-.-,(0^. (9) 

In these equations { = yr and {^ = y /?, where R is the radius 
of the cavity. The complete solution is derived by taking the 
sum of a series obtained by giving to n all values equal to or 
greater than unity. The equations for b and c are obtained by 
symmetry. The condition (3) applied to (8) and the two cor- 
responding ones gives, with the help of a well-known theorem 
relating to homogeneous functions, 

^^:_. X, — (n-\- 1)^1,^ 0_^_, = o, 

or with the help of (7) 

n^n^n + (« + l)^-«-i 0-n-i = O, 

when ^ and ^' stand for ^(t,) and \lf'{Q respectively. This solves 
the problem, for it gives the ratio X^ : 0_„_, and hence that of 
the induced potential ^^_, (4) X^ to the inducing potential 



ELECTRIC CURRENTS IND UCED BY ROTA TING MA GNETS 5 

We find 

Induced Potential _ — >^^ (;i + i) T""^' <A^, (£>) 
Inducing Potential n ^__«(4) 

At the surface where { = 4 

and with the help of (6) . 

(n + I) {2n + I) {2n + 3) »^^, ({,) 

It will be remembered that l^ = yR and y*^ 4VK<r<ot\ hence 

t> = ^l/2irKcra) . (i + /) = p{l + /) . (ll) 

As the ^ functions occur in the expression for the magnetic 
forces in the outer space, they must vanish at infinity and this 
can only be secured by choosing the positive sign in the expo- 
nential of (4). 

The ratio of potentials at the surface may also be written 

— ^— . — . (12) 

where the argument of the function is P{i+i). The ratio of 
the horizontal forces of the induced and inducing potential is 
also given by (10), while the ratio of the vertical forces is simply 

The ratio (12) will consist of a real and imaginary part and 
may be put into the form 

p(cos (T a — / sin o- a) = £ — iJ^. 

The potential of the rotating magnets (see equation i) was taken 
to be 

It follows that the induced potential will be 

which means that the potential and the horizontal forces are 
reduced in the ratio p : i and that there is an angular displace- 
ment a in the direction of rotation. The ratio (12) refers to the 
surface of the cavity; if the ratio of the potentials is required for 
any other distance, we must multiply by r : J^^\ 
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Both the reduction in amplitude and the angular displacement 
are different for the different terms of the harmonic expansion. 
If (T = o, that is for the zonal harmonics, there is no induced effect 
at all. The leading term is therefore the one in which o- = « = i. 
Putting « = I in ( I ) and substituting : 

we obtain 

n±2 ^o (0 ^ 2f 

« MO-^AO C + zn-3' 

Here { denotes its value at the surface which is /9(i + i) and if 
the fraction is put into the form £ — t\F, or p (cos a — /sin a) it is 
found that 



(IS) 



^_ i2/3-(j8+i ) 
^- ^7 • 

where JV= gifi + i)' + ^(2^ + 3)'. 

The expressions which are seen to be complicated in the 
simplest case become more so when the harmonics of higher 
order are taken. By means of the following equations, the 
results may be calculated in every case. Let the inducing 
potential be a solid harmonic of degree — n — i, and put 

A,^, (*-3)(>»-4) («^)* I (n-5)(>»-6)(>»-7)(>»-8) (a^)* .^. 

^'•- (ai«-3) (9«-5) 4! ■*" (a«-3) (a«-5) (a«-7) (a«-9) 8! •••* ^*°^ 

>rf» = P _ *-3 a^ _ (n-4) (x-s) 94^ , (x-5) (0-6) (x-7) ^ 1 . . 

^n-P a«_3 3J (a«-3)(2«-5) 5I "^ (a«-3) (a«-5) (a«-7) 7J ^' ' ' ' V*^ 



^/ =i^Z3.^ _ (>«-4)(n-5)(>»-6) (ap)^ ■ (^-6)(>»-7)(>»-8)(>»-9)(^-io) («^)'° 
* ~" 9«— 3 a! (a«— 3)(a«— 5)(a«— 7) 61 ' (a«— 3)(a«— 5)(a«--7)(a«— 9)(a«— xx) xol 

— .... (20) 

/t'=zR M *~3 2^ _ («-4) («~5) ^ _ (x-5) («--6) (<»~7) ^ . , . 

-^••-^' "^i^T!? 3I (•n-3)(9H-s) 5! (a*»-3)l««-5)(««-7) 7!+ f ' ' * * V^*^ 

In the series for A^ and B'^ the sign is alternately positive 
and negative, while in the two other series each sign is twice 
repeated, with the exception of the first positive sign in the 



ELECTRIC CURRENTS INDUCED BY ROTA TING MA GNETS 7 

series for A'^, Each series breaks off when one of the factors 
vanishes or becomes negative. The case « = i has been treated 
already and is not included in the general expression. If we 
now write 

a,=a: + a:, b^=b:^b\ 



'ut 



fanO^^-r^, <ra^ = ^,— ^«+,— ^, (22) 

it may be shown that the ratio p of the induced to the inducing 
potential as regards magnitude is 

and that the angular displacement in the direction of rotation 
is a«. 

So far we have only treated of the magnetic reactions which 
are due to the currents induced in the outer medium. The 
currents «, v^ w themselves are easily written down by means 
of the well-known relations 

dc db 
After a few simple transformations we find thus 

with similar equations for the two other current components 
V and w. 

We are now prepared to discuss the mechanical effects. It 
is clear from considerations derived from the principle of the 
conservation of energy, that the currents induced by a magnet 
rotating in a cavity of a conducting medium must tend to 
diminish the kinetic energy of the rotating body ; but whether 
the forces resolve themselves only into a couple, diminishing 
the angular velocity, or whether the axis of rotation itself tends 
to be displaced, can only be determined by analysis. The 
result is arrived at most quickly by means of the principle of 
work. The external action of the magnetized sphere is the 
same as if it were covered with magnetic matter of density s. 
If the magnetic potential due to the external forces is F, the 
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woric which would have to be done by these forces in bringing 
the magnetic matter into its position from an infinite distance 
without altering the relative distribution of s over the sphere, is 



/ 



VsdS, 



where the integration is to be taken over the spherical surfeure. 
If we imagine an angular displacement d^ about any axis OK^ 
and express the additional work done, we find that the couple 
opposing the rotation is given by 



/ 



■%'- 



The surface distribution i on a sphere of radius R is obtained 
for each term of the harmonic expansion by 

2* — I ^ 

if Q , , denotes its value at the surface of the sphere. 

The only part of V which gives a finite \'alue when the 
products are integrated over the sphere is 

a;, = /I. (cos a, — /sin a.) 0_„ , 

X^ denoting the induced potential at the surface of the sphere. 
If the couple about the axis of rotation is required, ^«f = ^ 
and for the term 

we have 

Hence the couple L is determined by 

L = i^!^±^yiip (cos a - /sin a) O_._0 [0_._,] dS, 

where the real parts of the expressions included in square 
brackets must be taken before multiplication. By means of the 
well-known value of the surface integral of the square of a 
tesseral harmonic it is thus found that to a term in the revolving 
potential expressed by 

7-; cos <r (X — c^) 

there corres[X)nds a couple op[X)sing the rotation equal to 



^ 
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cr (« + cr) ! 

It n = <r z= 1, 

psina E 

the value of E being that given in (14). 

If the sphere is magnetized uniformly along an axis forming 
an angle ^ with the axis of rotation and / denote the magnetic 
moment 

^- R. ' (24) 

The other component of the couple is more difficult to 

calculate in the most general case, and I confine myself to the 

statement of the result when the magnetization is uniform and 

defined as before by the two quantities /and <A. The second 

couple which, together with Z, makes up the whole mechanical 

effect, is then given by 

^ (/■ p sin if/ cos ij/) 

Its axis is at right angles to the axis of rotation in such a 
way that the plane containing the axis of L and M forms an 
angle a with the plane containing the axis of rotation and the 
direction of magnetization. 

We are now prepared to deal with the special application of 
our problem to the earth rotating in a medium having possibly 
an electric conductivity. It will be sufficient for our purpose to 
consider the earth as a homogeneously magnetized sphere. The 
earth's potential in space would be represented by 

—r » (25) 

if ^' is measured along the magnetic axis. When resolved along 
the axis of rotation, and taking the axis of x to lie in the plane 
containing 2 and z\ the potential takes the form 

I(z cos^+:r sin^) 
r^ 

or by transforming to polar coordinates 

/(cos il/ cos ^ + sin ^ sin ^ cos X) , ^. 
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where B denotes the colatitude, X the longitude measured from 
the meridian which is drawn through the magnetic axis and / is 
the magnetic moment of the earth, which, for our purpose may 
with sufficient accuracy be taken in c,g,s, units as equal to 
0.33 X (earth's radius)'. 

From (24) it appears that for a homogeneously magnetized 
sphere the retarding couple is proportional to 

9 08- + I) + iS- (2^8" + 3) • ^^^ 

The value of j8 is given by (ii), where now we must put 
cr=i. In the accompanying table the first column gives the 
value of )8, the second column the corresponding conductivity 
K after multiplication by lo*^ The angular velocity and radius 
are taken to be equal to those of the Earth for which 
2ir ^ = 4X 10', 2ir:cD= 86400 and hence, i : 2ira)-^ = 54 X io~'*. 

The third and fourth columns give the values of p and a 
defined by (16) and (17), and the last two columns give the 



iniiiies 


zi — p cos a a 


na -r— p SI 


in a. 








/3 


I0»* K 


p 




a 


E—p cos a 


F=p sin 


0.1 


0.54 


0.0121 


84" 


27' 


0.0012 


0.0119 


0.2 


2.16 


0.0437 


79 


18 


0.0081 


0.0428 


0.3 


4.86 


0.0890 


74 


31 


0.0237 


0.0857 


0.4 


8.64 


0.1433 


70 


06 


0.0486 


0.1344 


0.5 


13-50 


0.2076 


69 


06 


0.0740 


0.1933 


0.6 


19.44 


0.2657 


62 


18 


0.1232 


0.2345 


0.7 


26.46 


0.3292 


58 


52 


0.1701 


0.2825 


0.8 


34.56 


0.3917 


55 


44 


0.2207 


0.3238 


0.9 


43.74 


0.4533 


52 


50 


0.2736 


0.3606 


I.O 


54.00 


0.5123 


50 


12 


0.3277 


0.3932 


2.0 


21.6 Xio 


0.9614 


32 


44 


0.8082 


0.5199 


2.1188 


24.24X10 


0.9996 


31 


23 


0.8521 


0.5206 


10 


5.4 Xio» 


1.722 


8 


10 


1.703 


2442 


5X10 


135 XI03 


1. 94 1 


I 


42 


1.940 


0.0574 


I0« 


54 Xio* 


1.97 1 





51 


1. 97 1 


0.0292 


103 


54 Xio« 


1.997 





05 


1.997 


0.0029 



It appears that F vanishes both for an infinitely great and 
infinitely small conductivity ; that is to say there is no couple 
tending to retard the Earth's motion when either the conductivity 
or resistance is infinite. The fact that a sphere transversely 
magnetized may rotate in a medium of infinite conductivity 
without retardation appears surprising at first sight, but it may 
be pointed out, that a similar result has been obtained by Max- 
well for a magnetic pole moving parallel to a conducting sheet 




ELECTRIC CURRENTS INDUCED BY ROTA TING MAGNETS 1 1 

{Electricity and Magnetism Vol. II., p. 275, 2d edition). The 
explanation lies in the circumstance that the currents induced in 
a conductor of infinite conductivity are confined to an infinitely 
thin layer at the surface ; as the currents do not become infinitely 
great the total work done vanishes. 

The table shows that the retarding couple increases with 
decreasing conductivity to a maximum and then diminishes again. 
The maximum of F ma.y be obtained from the expression (27). 
The numerical calculation gives at the maximum 

fi = 2.118784, 

K = 2.42 X lO^**. 

I have calculated this value of p which gives the maximum 
retarding couple to more decimal places than would have been 
necessary, but this was done in order to satisfy myself of the 
accidental nature of a very curious coincidence. Reference to 
the table or to the equations shows that the value of p, which is 
the ratio of the induced to the inducing potential approaches the 
number 2 for high conductivities. There is, therefore, one con- 
ductivity for which the two potentials are equal, and a first 
approximation showed that this conductivity was numerically 
equal to that which gives the maximum retarding couple. The 
mathematical conditions were quite different in the two cases, yet 
both led to a value oi fi = 2.12 apparently. Pushing the calcu- 
lations to a higher degree of accuracy I found that the value of 

P which gives p = i is 

j3= 2.120006 

The two numbers differ by about one part in 2000, but the 
coincidence is accidental. 

The table shows that if the conductivity is about lO"'** cg.s* 
units, the effects are practically the same as if the conductivity 
were infinitely great. The conductivity of mercury being about 
10"^, it appears that both mechanical and magnetic reactions of 
electric currents induced in space are practically the same for any 
conductivity lying between infinity and one which is 100,000 times 
smaller than that of mercury. The maximum retarding couple 
would be experienced, for a conductivity which we should con- 
sider an exceedingly small one compared to that of ordinary con- 
ductors being 2.4 X lo"* that of mercury. 
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As regards the magnitude of the retarding couple, we may 
easily calculate its effects. If M K* is the moment of inertia of 
the sphere and « its angular velocity 

d vi 
MK*^=- -L 
at 

and hence by the ordinary process of solution, if oi be the angu- 
lar velocity for / = o 

(11 / MK* (11 



where 

The numerical value of /^as shown in the table is 0.52 1. 
Also I \ B}=^ 0.33 and sin* ^ = 0.144, 

Hence Z = 0.00818 B} and M K* ai : Z = 3.42 X 10'*. 

In a time T the angular velocity of the Earth would thus be 
reduced by an amount which is given by 

W, 0) T _^ 

o) 3.42 X 10** ^ ^ 

It is seen that it would take 125 centuries to lengthen the 
day by one second. Small as this effect seems to be it could 
not have escaped the notice of astronomers, for the Earth as a 
timekeeper would lose 2.6 minutes in a century ; roughly speak- 
ing this would be about seven times the amount calculated by 
Professor G. Darwin for the effect of tidal friction. Considering the 
uncertainties of the lunar acceleration, and the causes which tend 
to retard and accelerate the Earth's rotation I think it may safely 
be asserted that a loss of four seconds of time in the century 
could not be disentangled from the variations due to other causes. 
This would limit us to a possible couple about six times smaller 
than the maximum, and hence if space had a conductivity either 
smaller than 5 X io~'* or greater than io~" the effects as 
regards the lengthening of the day would be inappreciable. 

The magnetic effects of the induced currents are completely 
defined by (12) and (13). 

If the conductivity is great it is easily shown that 
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Hence the horizontal forces on the surface of the Earth due to 
the induced currents are '^' times greater than those due to the 
inducing forces, and the induced vertical force is equal and oppo- 
site to the inducing force. The magnetic forces on the surface 
of the Earth rotating in a medium supposed to conduct suffi- 
ciently well, would be distributed in a way which might well have 
puzzled magneticians. There would be no vertical force, but 
the declination would be increased everywhere. The agonic 
lines would be the same as now. Considering the Earth as a 
uniformly magnetized sphere («^i), the tangent of the declina- 
tion would everywhere be twice what it is at present. If this 
conductivity of space though small is appreciable, the induced 
forces are obtained in the following way : Let the Earth's poten- 
tial referred to its geographical axis be given by the expression 

(26) or 

(cos ^ cos ^ + sin ^ sin decs X) 

\l — :/ , 

then the induced potential is given by 

A'=:/sin^sind(^cosX -f /^sinX) = /sin ^ sin dp cos (X — a). 

The values of E and F (or if preferred of p and a) which 
correspond to a given conductivity #c, may be found by reference 
to the table. Now the analysis of Gauss allows us to separate 
the inside from the outside forces and we may perhaps hope 
that within a comparatively short time we may have sufficient 
information to fix the outside forces for the leading terms to 
within a few per cent. In that case a conductivity of space equal 
to io~'* c, g, s, units could be detected. 

Our calculation has proceeded on the assumption of a uniform 
conductivity of space, but it may be seen from general considera- 
tions that the principal effects would be the same, even if the 
assumption does not hold. We may be wrong as regards the 
numerical estimate of the conductivity which produces a certain 
effect if that conductivity varies, but however unequal the elec- 
tric resistance of different portions of space may be, the reactions 
must always be such as to cause an induced potential displaced 
in the direction of the rotation as compared to the inducing one. 

We have also not considered some very important effects 
which may be due to currents induced in the meridian planes 
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near the limits of our atmosphere. Such currents, it is easy to 
see, might produce effects similar to that of the aurora, but I 
must for the present postpone their discussion. 

It is very tempting to enter into more speculative ground and 
to ask ourselves the question, how would the induced magnetic 
forces react on the earth's magnetic system. The reply must 
depend on the ideas we have formed as to the actual causes 
which produce terrestrial magnetism and I will therefore only 
answer it in a perfectly hypothetical and abstract case. 

Imagine a rigid system of magnets embedded inside a sphere 
by means of a substance which at first is assumed to be abso- 
lutely rigid. Let the sphere be set into rotation in a conducting 
medium, and consider the magnetic forces which will act on the 
sphere. If O/* be the magnetic axis and ON Xh^ axis of rota- 
tion, then our previous results show that a transverse magnetic 
force will be generated which can be decomposed into two, one 
of which would tend to magnetize the sphere along an axis at right 
angles to O/'and ON, while the other would tend to shift the mag- 
netic axis from OP towards ON, The combined effect will be 
a tendency to shift the magnetic axis, in a direction opposite that 
of the sphere's rotation, round the axis of rotation and at the 
same time towards it. Whether an actual shifting of the mag- 
netic axis would be produced depends on the magnetic proper- 
ties of the material. If there is any magnetic yielding as there 
is a yielding in solids to steadily applied forces, the magnetic 
axis would be made to revolve slowly and steadily in a spiral 
curve round and towards the axis of rotation, the direction of 
rotation of the axis being opposite to that of the impressed 
rotation of the sphere, i, ^., from east to west in the case of the 
Earth. 

If we now imagine the medium which holds the magnetic 
system to be itself yielding in a manner shown in an exaggerated 
form by cobbler's wax, there will be a further tendency for the 
whole magnetic system to move within the sphere, and here 
again a displacement of the magnetic axis would take place iden- 
tical with the one just indicated. In whatever way the sphere 
was originally magnetized, the magnetic axis and the axis of 
rotation would ultimately tend to coincide. 



ELECTRIC CURRENTS INDUCED BY ROTA TING MA GNETS 1 5 

We know nothing of the magnetic interior of the inside of 
the Earth, but we may assert that if there exists any analogy 
between the condition of that interior and the concrete case of 
a magnetic system embedded inside a sphere, and yielding 
either magnetically or bodily, and if the interstellar space 
behaves like a conducting medium, a change in the Earth's 
magnetic axis would result, causing changes in the magnetic 
forces which are identical with those actually observed in the 
secular variation. 

That the secular variation of terrestrial magnetism may be 
accounted for by the rotation of a magnetic system inside the 
Earth has often been suggested and was illustrated in an inter- 
esting manner by Mr. Henry Wilde with the help of his Magne- 
tarium. Dr. Bauer has moreover recently proved that magnetic 
observations taken during the past century are sufficient to show 
a displacement of the magnetic axis in the Earth, the direction 
of the displacement being in agreement with the theory indicated 
above. In interpreting Dr. Bauer's work it must be remembered 
that the theory of spherical harmonics shows that any magnetic 
system whatever may be decomposed into two, one of which is 
equivalent to a magnetization along an arbitrarily chosen axis 
and the other at right angles to it. When treating of the mag- 
netic forces on the surface of the Earth, it is convenient but not 
necessary to take the axis of rotation as axis of reference, and 
the secondary poles which appear in Dr. Bauer's papers are con- 
sequences of this particular method of decomposition. The dis- 
placement of the Earth's magnetic axis implies the displacement 
of the secondary poles, and vice versa. Whether these secon- 
dary poles have any real existence or not depends on the views 
we may have formed as to the causes of terrestrial magnetism, 
but in the first instance they appear as a consequence of a par- 
ticular choice of coordinate axes. I take this opportunity to 
add the remark that Dr. Bauer's method seems to me to be the 
one best adapted to bring out the principal facts of the secular 
variation in a mathematical form. If our data were sufficient 
the vertical force might with advantage be taken as the basis of 
investigation instead of the angle of dip, for the lines of equal 
vertical force are very nearly the same as the equipotential lines. 
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while Dr. Bauer's method suffers from the disadvantage that the 
angle of dip of a combined field cannot be obtained from the 
angles of the two separate fields. His curves do not represent 
therefore the dip which would be produced by what he calls the 
secondary field. I am aware, of course, of the practical difficulty 
due to our insufficient knowledge of vertical forces which, no 
doubt, has obliged Dr. Bauer to select the dip angle, but it is to 
be hoped that this difficulty may soon disappear. 

The problem treated in these pages having opened out the 
possibility of an explanation of the secular variation, it is neces- 
sary to turn to such observational evidence as may be at our 
disposal for confirmation or refutation of the suggested ideas. 
While I am writing this paragraph, I receive by post the full 
results of Dr. Adolf Schmidt's recent calculations, in which for 
the first time the outside magnetic potential at the surface of the 
Earth has been separated from that due to inside causes. An 
abstract of the work had been communicated to the meeting of 
the British Association at Oxford and his principal results had 
been familiar to me. If we could adopt Dr. Schmidt's numbers 
as final, they would show that the outside magnetic potential is 
displaced towards the east. Such an effect might be produced 
by currents induced in a medium rotating more rapidly than the 
Earth, which might be the case if the upper currents of the 
atmosphere had a general drift from west to east. The dis- 
placement of the outside potential, according to Dr. Schmidt, is, 
however, greater than 90°, which is difficult to reconcile with the 
hypothesis of induced currents under any circumstances. It 
must be remembered that whatever these outside forces are due 
to, the forces and therefore their cause rotates with the 
Earth, and if Dr. Schmidt's numbers are correct, we should have 
to look for some supply of energy from the outside tending to 
accelerate the Earth's rotation. From communication with Dr. 
Schmidt, as well as from the carefully guarded statements in his 
published work, I judge that he does not wish to put forward 
his numbers in any way as finally conclusive. His method of 
computation is a great advance of our previous knowledge, but 
I think may in certain points be improved upon. I hope before 
long to be able to give the results of a renewed calculation based 
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on fresh material and having for its object to calculate with 
special accuracy the two leading terms in the series of spherical 
harmonics. Should Dr. Schmidt's numbers be then confirmed 
and the outside forces be shown to act in such a way that they 
tend to displace the Earth's magnetic axis in the direction of its 
rotation, it would be conclusively proved that the secular varia- 
tion cannot be due to outside forces. 



DIE VERTEILUNG DES ERDMAGNETISCHEX POTEX 
TIALS IX BEZUG AUF BELIEBIGE 
DURCHMESSER DER ERDE. 

Von Dk. Ad. Schmidt (gotha). 

In einem vor drei Jahren gehaltenen, im verflossenen Friih- 
jahre verdSentlichten Vortrage' hat Herr von Bezold darauf 
aufmerksam gemacht, dass die Mittelwerte, die das magnetische 
Potential auf den einzelnen Parallelkreisen annimmt, mit sehr 
grosser Annahening dem Sinus der geographishen Breite /9, 
anders ausgednickt dem Cosinus des Xordpolabstandes u propor- 
tional verlaufen. Indem er namlich die Gesamtheit dieser Mittel- 
werte, das von ihm sogenannte normale Potential, mit F., die 
Abweichungen von diesem mit F. bezeichnet, so dass das ganze 
Potential Fdurch die Gleichung 

bestimmt wird, findet er, dass mit R als dem Erdradius fast 
genau 

zu setzen ist. Auf der Grundlage der von Quintus Icilius 
gezeichneten Karte des Potentials fur die Epoche 1 880,0 erjriebt 
sich ihm K gleich 0,330 cm~^ g^ j"~', wahrend die mittlere 
Abweichung der Function A'sin/J von F, : R nicht grosser als 
±: 0,0029 cmr^ g^s'~^ wird. 

Es liegt die Frage nahe, ob die Rotationsaxe der Erde in 
dieser Hinsicht vor ihren ubrigen Durchmessern ausgezeichnet ist 
oder ob etwa bei einem unter diesen die entsprechend gebildeten 
Abweichungen noch geringer ausfallen. Mit Rucksicht auf die 
verschiedentlich, vor allem auch in der genannten Abhandlung 
bemerkte Moglichkeit eines Zusammenhangs der erdmagnetischen 
Erscheinungen mit der Rotation der Erde kann eine exacte 

' Ueber Isanomalen des erdmagnetischen Potentials. Sitzmngs-Berickte der 
Akademudtr WissenschafUn zu Berlin; math.-phys. Classe, 1S95, P^< 3^3~37^* 

18 
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Beantwortung dieser Frage, gleichgultig, in welchem Sinne sie 
auch ausfallen mag, einiges Interesse beanspruchen. 

Um die Aufgabe scharfer zu formulieren, denke ich mir das 
Potential nach Kugelfunctionen entwickelt. Es sei 



n» 00 m«M 



V=R^ 2^ Pi (cos u) \Gl cos « X + Hi sin m x] 



W"I w-o 



V^ enthalt dann diejenigen Glieder, die von der geographi- 
schen Lange X unabhangig sind, in denen also m = o ist, wahrend 
V„ von alien iibrigen Gliedern gebildet wird. Der Satz, dass F„ 
sehr nahe durch A'sin^ (oder A'cosi/) wiedergegeben wird, ist 
ein Ausdruck der Thatsache, die sich aus den weiterhin mit- 
geteilten Zahlen (S. 21 ) ablesen lasst, dass unter den Coeffici 
enten C" der erste, G^ (=A'),alle iibrigen betrachtlich iibertrifft. 

In nunmehr leicht verstandlicher Abkiirzung will ich noch 

F:R = K cos u + / (u) + <f> (u, \) 

setzen. £s ist dann 

F,= R{J^ cos u+/{u)), V, = R .4^{u,\), 

Nun kann man auch fiir jeden von der Rotationsaxe der Erde 
verschiedenen Durchmesser ein den Breitenkreisen und Meri- 
dianen analoges Liniensystem entwerfen. An Stelle der gewohn- 
lichen geographishen Coordinaten fi, X oder «, \ treten dann 
andere P\ X' oder u\ \\ und indem man das Potential in Bczug 
auf das neue System in gleicher Weise zerlegt, wie es soeben im 
alten geschehen ist, erhalt man 

V=K,cosu' + A{u')-\-^,{u\\'). 

Die Frage, die uns hier beschaftigen soil, lasst sich dann kurz 
so formulieren: Fiir welchen Durchmesser der Erde ist /(«') 
in der Gesamtheit seiner Werte auf der ganzen Erde ein Mini- 
mum ? Als charakteristischer Ausdruck fiir das, was ich hier die 
Gesamtheit seiner Werte nenne, kann wohl nichts anderes als 
das iiber die ganze Erdoberflache genommene Integral 

gelten, in dem dm das Flachenelement beizeichnet. Dieses 
Integral ist gleich4 7r/s wenn F der (quadratische) Mittelwert 
von /,(«') auf der Kugelflache ist. 



//■ 
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Man k5nnte die entsprechende Frage in Bezug auf /,(«') -|- 
^i («',X') stellen. Die Antwort ist hier sofort gegeben. Diese 
Grdsse ist offenbar in dem soeben angegebenen Sinne ein Mini- 
mum, wenn K^ cos u* sein Maximum erreicht, was bei der mag- 
netischen Axe der Erde zutrifft. Fur jeden Durchmesser, der 
mit dieser den Winkel a bildet, ist ja Ar,= M cos a, wenn M das 
magnetische Moment bedeutet. 

Zurersten Frage zuruckkehrend, fiihre ich zunachst eine etwas 
geanderte Bezeichnung ein, die wesentlich zur Vereinfachung der 
folgenden Entwickelung beitragt. An die Stelle der Functionen 
P^ lasse ich durch Hinzufugung passender constanter Factoren 
andere Functionen ^ treten, die so gewahlt sind, dass fur jeden 
Wert von n und m der Ausdruck Rl, cos mk und, ausser fur 
m = o, auch i?*sinf«X auf der Kugelflache den Mittelwert i 
besitzt. Wie man leicht iibersieht, erreicht man dies durch die 
Substitution 



<=^(*« 



+ i)<^:=^ 



|C(2 «+ !)(« — »l)! 



*» (n—m)\{n + m)l € = 2fur»i>o 

Das Potential erscheint dementsprechend in der Form 

F= -^ ^ y^ ^I (cos u) [^^ cos w X+ A* sin m X] 



IK*I IW-O 



M 

m 



wobei X die von Greenwich nach Osten gezahlte geographische 
Lange bedeuten soil. Mit Riicksicht auf das Folgende fuhre 
ich noch eine Abkurzung ein, indem ich 

R^ (cos u) cos mX^c^ ^ R'* (cos «) sin w X = x 

setze ; es wird dadurch in vereinfachter Schreibweise 

(i) v=R^- ^"^{n^Z+his-y 

Fur die Coefficienten g und h wahle ich die von mir aus Dr 
Neumayer's Werten der erdmagnetischen Elemente fur 1885,0 
berechneten (mit« = 6, f« = 4 abbrechenden) Zahlen,* die in der 
Einheit cnr^ g^ s^ folgendermassen lauten : 

' Diese Zahlen sind allerdings unter Beriicksichtigung der Abplattung der Erde 
berechnet worden, die ich hier, um die Entwickelungen nicht zu complicieren, ausser 
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n 


I 


2 


3 


4 


5 


6 


^ 


— 0,18322 


—0,00234 


0,00354 


0,00265 


— 0,00051 


0,00006 


e- 


— 0,01360 


0,01264 


— 0,00466 


0,00171 


0,00119 


0,00006 


A' 

I 


0,03455 


— 0,00321 


— 0,00112 


0,00095 


—0,00081 


0,00025 


e: 




0,00303 


0,00540 


0,00172 


0,00086 


— 0,00015 


/>: 




0,00689 


0,00010 


— 0,00057 


— 0,00010 


0,00018 


n 






0,00151 


— 0,00103 


0,00005 


—0,00045 


^3 






0,00258 


— 0,00075 


0,00007 


^-0,00018 


g: 








0,00053 


— 0,00002 


— 0,00006 


hi 








— 0,00025 


—0,00023 


— 0,00007 



Das Vorzeichen des Potentials ist hier entsprechend dem 
Gebrauche, der sich in der theoretischen Physik langst einge- 
biirgert hat, so gewahlt, dass die Richtung der auf den Nordpol 
einer Magnetnadel wirkenden Kraft mit der Richtung abneh- 
mender Potentialwerte ubereinstimmt. . 

Die Losung unserer Aufgabe erfordert nun nichts als eine 
Coordinatentransformation, durch welche der fur f^angegebenc 
Ausdruck (i) in die Form 

(2) ^=^2"2'"(^«y-+^>^) 

iibergeht, worin entsprechend der zuvor eingefuhrten Abkiirzung 



R* (cos tt') cos m X'^y", R^ (cos u'\ sin m X' = <r 



n 
m 



gesetzt ist. Nach Ausfuhrung dieser Transformation hat man 
den friiheren Betrachtungen zufolge den Mittelwert von/ («'), 
d. i. von {jl yl-\-jl 7^+ . . . ) zu bilden. Mit Rucksicht auf die 
bekannten Eigenschaften der Kugelfunctionen und auf die 
Definition der ^* ist das Quadrat dieses Mittelwertes offenbar 
(3) FF=JlJl+JlJl^ . . . .^ 

so dass nur die Berechnung der Coefficienten/; erforderlich ist. 
Es sei nun N' , der Pol des neuen Systems, im alten, dessen 
Pol N heissen soil, durch die Coordinaten «o> K definiert. Sein 
Anfangsmeridian gehe durch N, und die Zahlung der Lange (X') 
erfolge in ihm im umgekehrten Sinne wie im alten (bei X). 
Die in beiden Systemen bestimmten Coordinaten k, X und «', X' 

Acht lasse. Die Ungenauigkeit, die dadurch entsteht, dass ich sie hier als auf die 
Kugel beziiglich einfiihre, ist von derselben Grossenordnung wie die durch die Ver- 
nachlassigung der Abplattung bewirkte und ist wie diese fiir den vorliegenden 
Zweck vollkommen bedeutungslos. 
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irgend eines Punktes P der Erdoberflache sind dann mit den 
Seiten und Innenwinkeln des spharischen Dreiecks PNN* durch 
die Beziehungen verbunden : 

NN" = «o, /^P= u, N'P= u\ N'NP= X— A,, NN'P= X' 

Setze ich zunachst zur Vereinfachung A^=o, so ist offenbar 
die Beziehung zwischen beiden Systemen eine symmetrische oder 
reciproke; das eine geht aus dem andern auf dieselbe Weise 
hervor wie dieses aus jenem. Die Transformationsgleichungen, 
welche die Functionen y, <r mit c, s verbinden und die, wie man 
aus der Theorie der Kugelfunctionen weiss, homogen und linear 
sind, bleiben mit andern Worten gultig, wenn gleichzeitig y mit ^ 
und o- mit s vertauscht wird. Ueberdies schliesst man leicht aus 
der geometrisch evidenten Thatsache, dass fur Xo=o die Ver- 
tauschung von X mit — Xbei ungeandertem u auch u\ \' in 
u\ — X' uberfuhrt, dass die yl allein von den r* und die c* 
allein von den sZ abhangen; denn diese beiden sind ungerade, jene 
gerade Functionen von X oder X'. Da wir nun von den in (2) 
auftretenden Coefficienten nur die der Functionen y gebrauchen, 
so genugt die Betrachtung desjenigen Systems von Gleichungen, 
das zwischen diesen und den Functionen c besteht. Nach dem 
Gesagten muss sich dieses System gleichzeitig in den beiden 
Formen 

(4a,b) yZ=^'' ^n,in^ 'Z = ^'' ^mifi^ (« = o, 1,2 . . . «) 

darstellen lassen, wobei das Summenzeichen ebenso wie uberall 
in der Folge eine Summation von o bis zu dem festen Werte n 
bezeichnet. 

Es sei nun A die Determinante der zu bestimmenden Coeffi- 
cienten a^i , und a^^ bezeichne die zu a^^ gehorige Adjuncte 
oder Unterdeterminante. Die Auflosung der Gleichungen (4a) 
ergiebt dann 

rf* = — > "a .y* oder ^*=-- > 'a. y*. 

Diese Losung muss mit dem Gleichungssysteme (4b) uberein- 

stimmen, woraus sich sofort die fur alle Werte der Indices gul- 

tige Beziehung 

_ I 

A 



m 
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ergiebt. Fiihrt man diese in die bekannten Grundgleichungen 
der Determinantentheorie 

ein, so erhalt man, wenn k und m wieder verschiedene Indices 
sind 

(5) ^' ^i^ a^i= i» ^' aik ««, = o, 

woraus nebenbei mit Riicksicht auf die Festsetzung iiber den 
Drehungssinn von X und X' abgeleitet werden kann, dass A =- i 
ist. 

Werden andrerseits die Gleichungen (4a) oder (4b) qua- 
driert als auch zu je zweien miteinander multipliciert, und wird 
dann auf beiden Seiten iiber die ganze Kugelflache integriert, so 
folgt vermoge der durch die Definition der Functionen i?i 
bedingten Beziehungen 

das§ allgemein 

(6) 2' ^'*' ^*"*=^' 7/ akiami^o 

sein muss. Hieraus in Verbindung mit (5) ergiebt sich, dass 
fiir jeden Wert von k, k=m eingeschlossen, 



/J ami {aiJk — ajki)=o 



ist. Fiir einen bestimmten Wert von k und fiir m=o,l,2 . . . . n 
liefert dies ein mit (4) in alien Coefficienten iibereinstimmendes 
System von («+0 unabhangigen Gleichungen, dessen Losung 

(7) a.j^-aj^.=o Oder «,.^ = a^, 

lautet. (Eine der (n+i) Differenzen verschwindet offenbar 
identisch, so dass man eigentlich nur ?i Gleichungen in Betracht 
zu Ziehen brauchte. Der Beweis wird aber dadurch nicht ver- 
einfacht, sondern erschwert, da man erst nachweisen miisste, dass 
die Determinante der n Gleichungen, d. i. a^^, von Null verschieden 
ist.) 

Der hiermit gefiihrte Nachweiss, dass die Determinante der 
Transformationsgleichungen (4) symmetrisch ist — ein Vorteil, 
der der Einfiihrung der Functionen i?J verdankt wird — macht 
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die zwar nicht schwierige, aber etwas umstandliche Aufstellung 
dieser Gleichungen fur unseren Zweck uberflussig. Fuhren wir 
nimlich die Umwandlung der Form ( I ) des Potentials V in die 
Form (2) mittels der in (4b) angegebenen Substitution wirklich 
aus, so erhalten wir sofort 

und dafur wurden wir nunmehr 

schreiben. Die hierin auftretenden Coefficienten a^^ ergeben 
sich leicht aus einer bekannten Fundamentalgleichung der Theorie 
der Kugelfunctionen. Es ist ja im Dreieck PNN' 

cos u' = cos u, cos u + sin u^ sin u cos X 

und daher nach jener Gleichung 

-\ ^r ^r (^^ ^')='^H (^^s th' )=: ^ - ^ * /^; (cos «^) />« (cos u) cos m X 

Durch Einfuhrung der Functionen ^* wird hieraus 

-12/1-7-1-^ (cos « ' ) = y ^ ** -^ * (cos u^ R^ (cos «) cos m \ 

Oder -^ 2 ;? + I y* = ^- R^ (cos «^) r*. 
Diese Gleichung ist mit der ersten Gleichung des Systems 

(4a), die auch in der Form y " = ^^ ** ^««« ^ geschrieben werden 

kann, identisch und liefert daher unmittelbar die in dieser auf- 
tretenden Coefficienten. Es ist danach 

( 9 ) ^om= ■ ' K (cos «^ 

\2 n-^ I 

und die Substitution dieses Resultates in die Gleichung (8) giebt 

(10) /r^ ^— ^ V** ^;; Rl (cos I/,). 

Die Aufgabe ist hiermit im wesentlichen gelost ; nur die durch 
die Bedingung \,= o eingefijhrte Beschrankung ist noch aufzu- 
heben. Es geniigt dazu offenbar, die Entwickelung ( i ) in die 
Form 
r=^ . ^ « ^'^J^Z (cos u) [(^- cos m K 

+ //,; sin m K) cos w (X — X^) + {—gZ sin m K 

-f- ^« cos m XJ sin w (X — Xo)] 
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umzusetzen und den hierin auftretenden Factor von 
^^(cos«)cos/« (A — X^) anstatt^* in (10) einzufiihren. Dadurch 
wird aus dieser Gleichung, wenn man noch nach Analogic der 
frijheren Abkiirzungen 

RZ (cos u^ cos w \, = C^ , R^ (cos u^ sin m \,= 5l 
setzt, die Schlussformel 

erhalten. 

Mit Hiilfe dieser Formel, die fiir ;/=i einen bekannten Satz 
(S, 20) ergiebt, habe ich nun die Werte von Jl*ji . . . jl und 
dcr daraus nach Gleichung (3) abgeleiteten Grosse F fiir 216 
Punkte N' berechnet.' Der Kiirze halber gebe ich nur die abge- 
rundeten Werte von F, und zwar unter Weglassung des dop- 
pelten Vorzeichens und in der Einheit o,i*cm~*^* j~', fiir 108 
von diesen Punkten an. 



u 


X=0'' 


30^ 


60° 


90' 


120° 


150^ 


180^ 


210** 


240^ 


270" 


300" 


330" 
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0° 


50 


50 


50 


50 


50 


50 


50 


50 


50 


50 


50 


50 


i8o* 


10" 


40 


37 


37 


49 


68 


81 


82 


73 


56 


40 


34 


38 
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20' 


64 


50 


24 


45 


84 


109 


III 


89 


55 


24 


29 


55 


i6o* 


30' 


91 


75 


37 


52 


100 


130 


126 


107 


49 


19 


41 


74 


150- 


40° 


III 


98 


59 


68 


114 


139 


124 


78 


40 


35 


54 


86 
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121 
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81 


121 


137 


106 


51 


29 


44 


59 


85 
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75 


81 


117 


121 


77 


20 


26 


42 


52 


71 
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109 


121 


68 


69 


102 


95 


43 


32 


35 


32 


38 


35 
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80' 


86 


109 


59 


50 


79 


63 


31 


63 


45 


24 


34 


12 


100" 


90" 


56 


90 


52 


31 


53 


26 


56 


90 


52 


31 


53 


26 


90" 




X=i8o^ 


' 210° 


240^ 


270' 


' 300" 


330" 


0^ 


30^ 


60=^ 


90"* 


120' 


150° 





Die Zahlen der mitgeteilten Tabelle, von denen sich jede auf 
zwei einander diametral gegeniiber liegende Punkte, mit anderen 
Worten auf einen Durchmesser der Erde bezieht, lassen fiinf 
Minima erkennen. Keines fallt mit einem geographishen (ebenso 
keines mit einem magnetischen) Pole auch nur annahernd zu- 
sammen. Die beiden tiefsten sind etwas genauer bestimmt, 

F= 7 im Punkte A mit den Coordinaten tt = 83°, X= 332° 
F=iz " B " u = 2s\\=2^^\ 

' Diese Berechnung lasst sich in Verbindung mit der Auswertung des Potentials 
fiir dieselben Punkte erledigen. 1st dieses, nach dem oberen Index der Kugel- 
functionen geordnet, gleich F<')+ F<*>4- V^^^-\- . . . ., so hat man offenbar im Punkte 
N\ zu dem die Functionen CZ, S^ gehoren. V<**^=y'2n + ij*^^ 
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Man konnte noch die Frage aufwerfen, (iir welche Punkte 
F nicht absolut, sondern relativ, namlich im Verhaltniss zu AT, 
(d. i.^o) kleinste Werte annimmt. Die Untersuchung dieser 
Frage fiihrt nahezu auf dieselben Punkte wie die vorhergehende 
Betrachtung ; es andert sich jedoch die Rangordnung der beiden 
in die Nahe von A und B fallenden Minima. Im ersteren wird 
{F\K^) gleich 0,017, im letzteren gleich 0,007, wahrend sich fur 
den Pol N der Wert 0,027 ergiebt. Ein ungefahr durch B 
gehender Durchmesser ist also derjenige, fur welchen die Curve 
der Mittelwerte V^ in ihrer Gestalt einer Sinuslinie am nachsten 
kommt. 

Um das Ergebnis noch deutlicher zum Ausdruck zu bringen, 
will ich diese Mittelwerte und ihre Abweichungen von der 
Sinuscurve fiir die drei nach A, B und A^gehenden Durchmesser 
in derselben Weise angeben, wie es in der zu Anfang genannten 
Abhandlung (Seite 12) geschehen ist. Die dort mit **V„:R 
(berechnet) '* und **Di£ferenz" bezeichneten Columnen ent- 
sprechen den hier unter AT, (cos «') und/, («') stehenden. 



Pol: 
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B 




N 
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A*! cos u ' 


A («•) 


A*! (coi tt) 
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—596 
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— 2019 
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— 2040 


-65 
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—389 
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—1570 
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— 1587 
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—266 
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- 1074 
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—135 


13 
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3093 


—34 
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180° 


778 


32 


3140 
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3173 


-48 



Die hier fiir N gefundenen, also auf die Rotationsaxe der 
Erde beziiglichen Differenzen sollten mit den von Herrn von 
Bezold a. a. O. mitgeteilten im wesentlichen iibereinstimmen. Sie 
sind indessen, ganz abgesehen davon, dass sie einen etwas 
anderen Gang besitzen, mehr als doppelt so gross wie diese. Der 



go' 


^0* 


0,00100 


0,00290 


0,00284 


0,00209 


0,00163 


0,00145 


0,00368 


0,00262 
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Grund dieser beim ersten Anblick iiberraschcnden Verschieden- 
heit liegt darin, dass die Coefficienten^'^J^J, auf denen jene Diff- 
erenzen beruhen, in dem Potentialausdrucke von Q. Icilius viel 
geringer sind, als in dem von mir benutzten (S. 21). Sie sind 
unzwefelhaft, wie ein Vergleich der Ergebnisse aller bisherigen 
Potentialberechnungen lehrt, wesentlich zu klein. Es ist namlich 

nach Gauss, 0,00230 

" Erraan- Petersen, — 0,00036 

" Quintus Icilius, — 0,00164 

" Neumayer-Petersen, — 0,00234 

Dass Herr von Bezold bei seiner Untersuchung so kleine 

Differenzen fand, dass deren Realitat zweifelhaft erscheinen 

musste, lag also in dem zufalligen Umstande begriindet, dass er 

aus ausseren Griinden gerade die von Q. Icilius nach seiner 

Rechnung gezeichneten Karten benutzte. 

Aus der geographischen Verteilung der Werte des erdmagne- 

tischen Potentials kann — das ist das Ergebnis der vorstehenden 
Betrachtungen — kein Argument zu Gunsten der Annahme 
hergeleitet werden, dass der Hauptteil der erdmagnetischen 
Kraft in irgend einer Beziehung zur Rotation der Erde stehe. 
Es ist aber einleuchtend, dass dieser Satz nicht umgekehrt 
werden darf. Der Ausfall unserer kritischen Untersuchung 
beweist auch nichts gegen die M6glichkeit einer solchen Bezie- 
hung, die durch den nicht zu bezweifelnden Einfluss der Ges- 
taltung und des innern Baues der Erdrinde verdeckt sein kann. 



HALLEY'S EARLIEST EQUAL VARIATION CHART. 

[Reproduced in facsimile for the first time, from a photograph furnished by Thos. 
Ward, Esq., of the chart in his possession. Frontispiece. Text by L. A. Bauer.] 

In Nature^ of May 23, 1895, ^^e writer made known the find- 
ing of a Halley isogonic chart in the British Museum which had 
apparently escaped the attention of modern magneticians and 
bibliographers and to which Halley himself, as far as has been 
ascertained, made no reference. Upon seeing the notice, Mr. 
Thos. Ward of Northwich, England, made known in the follow- 
ing number of the same periodical the fact that he likewise pos- 
sessed a copy, bound up with other charts of the 17th and i8th 
centuries. Through his courtesy and kindness the Journal is 
enabled to present the first facsimile reproduction, as far as 
known.' The reduction in size is about one-fifth (0.189).* The 
facts which make this chart of great interest, as briefly stated 
as possible, are as follows: 

Edmund Halley, the noted astronomer, published at the very 
beginning of the i8th century his famous *' Chart of the Lines 
of Equal Magnetic Variation " (Declination) to which renewed 
attention has just been called by Hellmann's valuable facsimile 
reproductions of the earliest magnetic charts.^ Halley and the 
revisers of his chart, W. Mountaine and J. Dodson, mvariably 
speak of one chart and generally the reference is such that it 
can be definitely settled that the chart reproduced by Airy* and 
by Hellmann3 was the one had in mind. And yet Halley actu- 

'The copy in Le Monnier's Loix du Magnitisme, Paris, 1776 and 1 778, is, 
according to information kindly sent by Professor Hellmann, an imperfect one; it is of 
the size 28.7 x 24.0 cm., the decorations and dedication (the matter of chief interest) 
not being given. 

aThe size of the original, according to Mr. Ward is 23 x 19X in. (58.4x48.9 cm.) 
reckoned to the outside of the enclosing border, and that of the photograph which he 
furnished the Journal, 10.2x8.7 in. (25.9x22.1 cm). 

"iNeudrucke von Schriften und Karten iiber MeUorologie und Erdmagnetismus. 
Herausgegeben von Professor Dr. G. Hellmann. No. 4, Berlin, 1895. A. Asher & Co. 

* In Greenwich Observations, for 1869. 

28 
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ally published two totally distinct charts, the one given here 
being unquestionably the earlier one. This matter, while of no 
practical importance, since the later chart embraced all that was 
given on the earlier one and more too, is nevertheless of histori- 
cal interest. In this light should this contribution to the history 
of terrestrial magnetism be regarded. For strange to say, although 
Halley is generally reputed as being the inventor,* and was 
regarded so by his contemporaries, of the fruitful method of 
representing the distribution phenomena on the earth's surface 
by drawing lines through all the places where the particular 
phenomena under question has the same numerical value, he 
nowhere apparently has written a paper on the subject.^ He did 
not present the matter formally before the Royal Society, of 
which, as will be recalled, he was a prominent member. He 
only wrote when the accuracy of his isogonic lines was questioned. 
In consequence, much confusion has prevailed about the Halley 
chart and the mystery is not yet wholly cleared up. For con- 
venience we shall now speak of the "World Chart," meaning 
thereby the one given by Airy and by Hellmann, and of the 
''Atlantic Chart," the special subject of this sketch. 

Airy was led to reproduce the "World Chart" as he could 
find no one of his day who had ever seen a copy of Halley's 
equal variation chart. After diligent inquiry at home and 
abroad he was rejoiced to find that the British Museum possessed 
a copy, and it was thought the only copy. This chart bears the 
title ** A new and correct Sea Chart of the Whole World, shewing 
the Variations of the Compass as they are found in the year 
1700." It is very often referred to under the abbreviated Latin 
title of "Tabula Nautica." The date of its publication (the 
chart itself has no date) hitherto assigned has been 1701.^ But 

'According to Hellmann,} p. 18, Christoforo Borri of Milan appears to have made 
an attempt to construct isogonics for the Atlantic and Indian Oceans in 1620. 

*The only explanation of the chait — and that is only as far as the use of it by 
seamen i> concerned — is a text brought to light by Hellmann which was pasted at 
the bottom of later editions of the ** World Chart." This is certainly striking when the 
importance of this piece of work is called to mind, and when it is remembered that, 
in order to construct the isogonic lines for those parts (e, g,, the Indian Ocean) over 
which he had not made observations himself, a laborious search for observations and 
a reduction, possibly, to the epoch of the lines, 1700, was necessary. 

7 This date may be due to the following statement by Halley in the Philosophical 
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all the copies thus far found, all of which have been personally 
examined by the writer, are dedicated by Halley as follows : "To 
His Royal Highness, Prince George of Denmark, Lord High 
Admiral of England, Generalissimo of all Her Majestie's Forces." 
Now Prince George, consort of Queen Anne, did not bear this 
title until April 17, 1 702, hence the chart with the above dedica- 
tion could not have been published in 1701, as has been supposed, 
but somewhat later, probably in 1702. It certainly appeared 
before 1705, for in that year it was given on a reduced scale, 
with the additional feature of the trade winds added, in the 
** Miscellanea Curiosa."® Curiously, however, there is a reference 
in lyoi to a Halley variation chart pointed out by Hellmann, viz., 
in the Hist, de VAcad. de Paris, 1 70 1 , p. 9. Evidently, then, a chart 
prior to the one just spoken of must have been sent out by Halley. 
It is quite possible that the chart received by the Paris Academy 
in 1 70 1 was none other than the ** Atlantic Chart" given here, as 
will presently appear. 

The base of the ** Atlantic Chart" is entirely different from 
that of the ** World Chart." It not only does not embrace the 
entire globe, but the scale of projection is slightly different, as 
also the spelling of some of the names, e.g., **Wild Brasile" 
instead of *' Wilde Brazile." Yet the equal variation or isogonic 
lines are identical with those of the "World Chart," except that 
in no case are they extended over the land, and that in a few 
instances they are slightly prolonged. It furthermore contains 
some additional features, chief of which being the laying down 
of the course of the Paramour Pink, the ship in which Halley 

Transactions, Vol. 19 (unabridged), 1714, p. 165, "to examine the chart I published in 
1 70 1, for shewing at one view the Variations of the Magnetical Compass, in all those 
Seas with which the English Navigators are acquainted." 

• In the Philosophical Transactions, Vol. 23 (unabridged), 1702-3, p. 1106, there is 
a letter by Dr. Wallis to Halley, dated Oxford, May 23, 1702, from which I extract the 
following : " 1 sent you a Letter about three weeks since (which, I hope you received) 
with my hearty Thanks for the Present you had then sent me ; your Map of the Mag- 
nctick Variations. I look upon the thing as an excellent Design, and very Instructive, 
well Contrived, and well Executed. And which, I think was never undertaken by any, 
before you." Unfortunately no statement is made which would clinch the matter 
whether Wallis got a copy of the " World Chart " or the "Atlantic Chart." If the 
surmise that it was the former could be proven true, then would the date of publication 
of the " World Chart " be furthermore limited to the interval between April 17, and 
about May 1, 1702. 
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made his observations between 1697 and 1701, with the help of 
which he drew the isogonic lines. The title will also be seen to 
be different. But the matter of chief interest is the dedication 
to King William III. who fitted out Halley's expedition and 
who died March 8, 1702. It is then unquestionably of an earlier 
date than the ** World Chart" spoken of above. It was doubtless 
Halley's first chart and probably a preliminary one, hence 
its apparently limited circulation.^ The question that remains to 
be answered is: Is the date 1701 given by Halley in the refer- 
ence quoted 7 and relating to the ''World Chart,'* as is plain 
from the context, a slip of memory or of type, or is the copy of 
the ''World Chart" with the Prince George dedication an altered 
reprint oi one published in 1701, a copy of which not yet having 
been brought to light ? 

In conclusion grateful acknowledgment must be made of 
the assistance most cordially given by Mr. Coote of the British 
Museum, Professor Hellmann of Berlin and Monsieur Marcel of 
the Biblioth^que Nationale, Paris. 

9 The copy in the British Museum bears the catalogue mark of 977 (4). 
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ON THE BEST FORM FOR THE COMPONENTS OF SYS- 
TEMS OF DEFLECTING FORCES. 
A DISCUSSION. 
Frank H. Bigelow. 

I Au constrained to oBer a few remarks on the best form for the 
publication of the components of the various systems of deflecting 
forces, that disturb the normal magnetic field, which it is one of 
the first tasks of the science of terrestrial magnetism to thoroughly 
explore. The immediate impulse to this action is the recommendation 
put forth by Ad. Schmidt, Gotha, in his article "Ergcbnisse der mag- 
netischen Beobachtungen zu Godtbaab, 1883-3," P- 3°°> Mtteorol. 
Zeitickrift, August, 1895. In this place be supports the proposition 
that the variations A /T, A 8, of the horizontal force and declination 
respectively, be reduced to the axes X (north) and Y (east) by the 
formula, 

A A'= — pZ^sin 8 . A 8 + cos 8 . A /r 
A Y= p /Tcos 8 . A J + sin 8 . A /f 
AZ=AZ 
I admit the correctness of this reduction and the desirability of mak- 
ing some computation for publication, to advance the signification of 
the observed absolute values of H, D, V, towards a sound interpreta- 
tion, but I very respectfully dissent from the opinion that this change 
to the X, Y, Z axes (north, east, nadir), where X^/.cosicoai, 
K^/.cosisin8, Z^=/. sin I, is advantageous. For the discussion 
of a system in geographical latitude and longitude it may be most 
useful, is Gauss and others have found it, but for the separation of 
impressed deflecting forces from the normal field it is not conducive 
to simple results with minimum expenditure of work. This conclu- 
sion depends upon some distinct reasons : 

The Eonuulx for A A', A V, contain each two terms, and although 

y not be an important consideration to do the work at a single 

; in this way, it really becomes a serious barrier, if not an 

I undertake any computation covering many stations and 

^ several years of observations. The simplest possible form 
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of work will alone survive the test of actual operation. The fact that 
two terms instead of one is suggested is of itself a weighty argument 
against accepting it generally. 

2. It is recognized that the computation of the vector forces that 
are impressed upon the individual stations, at any given time, is the 
high road to advancement in the interpretation of magnetic observa- 
tions. Now a vector to be really intelligible must present itself to the 
mind, not in the form of rectangular components, A A^, A F, A Z, but 
in its spacial relations, having a definite direction (azimuth, altitude) 
and length at the place of observation. Obviously, polar coordinates, 
equivalent to the rectangular, are alone capable of giving this effect. 
In my own work, the altitude angle a, the azimuth angle )3, and the 
Vector length .r, derived from the observed variations A /T, A Z>, A F, 
have always been used with satisfaction and success. The form of 
computation is as follows : A/T, AZ>, A F | dx^ dy, dz \ cr, j, a, )3 | , 
where A /T, A /?, A Vy are the observed variations in scale divisions, or 
in any system of units; d x^ dy^ d z^ Xht equivalent values in c,g,s, 
units ; 

cr = Jdx^ -{■ dy^y s = Jd x* -{- d y^ + dz^y tan a = — , tan /J = -j^, 
\' \ cr dx 

the rotation being anticlockwise instead of clockwise, as Schmidt pro- 
poses. The reason for this is that westerly declination is positive, and 
the anticlockwise rotation follows the usual trigonometric movement. 
I have never taken the trouble to compute by these square-root for- 
mulae, but have used a diagram scale, which does well enough for 
practical work in a large field of operations (see Weather Bureau 
Bulletifty No. 2, 1892, "Notes on a New Method for the Discussion of 
Magnetic Observations '*). In that paper a complete example of work 
is given. Two simple entries on the diagram, first, d Xy dyy and then 
cr, dZy are sufficient to give us .r, a, )3. 

3. It must be shown, before adoption, that the axes Xy F, Z, have 
some very significant advantage over Hy Dy Vy for the elucidation of 
magnetic impulses. The secular wandering of the magnetic meridians 
over the earth's surface would, at first sight, seem an argument in favor 
of adopting fixed geographical axes, but this is offset by the fact that 
magnetic impulses are instantaneous, and are not to be reduced to any 
epoch by secular corrections. Furthermore, the impulses ought to be 
referred to their extra-terrestrial axes of approach, freed from astro- 
nomical relations. Also the distortion of the cosmical lines of force as 
they enter the earth are so conspicuously functions of the permeable 
material of the earth, regarded as a magnetic shell, that the statioii 



34 ^. SCHMIDT [VOL. I. No. I] 

values are really alone of practical importance. At any rate the sub- 
ject must have made marked advances before it will pay to adopt any 
other system of axes, either geographical or extra-terrestrial in place of 
the magnetic station lines of reference to H^ D, V. 

Our knowledge of the lines of approach to stations is now sufficient 
to show that it is not the geographical pole, nor the magnetic pole 
alone, but a combination of the two, which is the effective polar seat of 
equivalent disturbance variation. The aurora belt marks out definitely 
the places of entry of the external field, showing concentration of 
forces in the rough ovals embracing the two poles, the center of opera- 
tions lying say mid-way between them, and yet not so in a strictly 
physical sense. (See Amer. Jourfi. Set'., August 1895, p. 88). 

My conclusion is that station rectangular variations A /f^ ^ D, ^ V^ 
should be transformed into station polar coordinates of the equivalent 
vector Sy a, p, as the simplest to work, and the most instructive when 
done. It seems proper in this place to propose the following modifica- 
tion of, or rather addition to, the form of publication adopted by the 
International Polar Commission. Having given in c. g. s. units the 
observed absolute values of H, J), V, let a page more be devoted to a 
display of the two sets of o-, s,a,P: 

I. Those equivalent to the variations of the mean daily values on the 
monthly mean. 

II. Those equivalent to the variations of the mean hourly values on the 
monthly mean. 

The former are obtained by subtracting the monthly mean along 
the right-hand column, and the latter by subtracting the monthly mean 
along the lowest row on the page as usually printed, for A /T, A Z?, A F, 
whence the transformation to o-, s, a, P proceeds. 

The interest of terrestrial magnetism as a science depends largely 
upon the construction of these station vectors, whence wide physical 
laws can be deduced. The labor of such transformation should be 
shared by the several stations, exhibiting their work in a form advan- 
tageous to physicists generally. 

Washington, D. C, October 28, 1895. 

Adolf Schmidt. 

Der Herr Redakteur hat die Freundlichkeit gehabt, mir Einblick 
in das von Herrn Professor Bigelow an ihn gerichtete Schreiben zu 
gewahren, und ich benutze gem die (jelegenheit, ihm meine Ansicht 
iiber die von Herrn Bigelow darin beriihrte Frage auseinanderzusetzen. 

Bigelow ist mit mir in dem Wunsche einverstanden, dass die 
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Observatorien ihre Beobachtungen in einer Form veroffentlichen moch- 
ten, die eine raoglichst directe und bequeme Verwendung bei 
theoretischen Untersuchungen gestattet ; er weicht von mir in dem 
Urteile dariiber ab, welches die beste, d. h. fiir die meisten Zwecke 
taugliche Form der Darstellung sei. In seinen Erorterungen fliessen 
dabei zwei Momente zusammen, die ich, da sie von einander voll- 
kommen unabhangig sind, hier getrennt betrachten mochte. Er giebt 
erstens den polaren Coordinaten des Kraftvectors den Vorzug vor 
seinen rechtwinkligen Componenten ; zweitens will er das Coordinaten- 
system nicht nach dem astronomischen, sondern nach dem magne- 
tischen Meridiane orientiert wissen. 

Ich werde mit dem zweiten Punkte beginnen, in dem ich 
Bigelow entschieden entgegentreten muss, wenn es mir auch fast 
scheint, als ob er selbst kein sehr grosses Gewicht darauf legt. Die 
Beziehung auf den astronomischen Meridian hat den wesentlichen 
Vorteil zur Folge, dass an jedem einzelnen Orte ein festes, nicht mit 
der Zeit veranderliches Coordinatensystem gewonnen wird, und dass 
die zu verschiedenen Orten gehorigen Systeme in einfacher Lagen- 
beziehung zu einander stehen. Dies ist natiirlich fiir jede zusammen- 
fassende Untersuchung, die die Erscheinungen nicht ausschliesslich 
als lokale Phanomene betrachtet, von der grossten Bedeutung. (Fiir 
einzelne Zwecke wird es sich vielleicht einmal niitzlich erweisen, noch 
weiter zugehen und cjie Axen an alien Punkten denjenigen eines 
bestimmten, sei es im Raume festen, sei es mit der rotierenden Erde 
verbundenen Coordinatensystems parallel zu wahlen.) Einzelunter- 
suchungen andrerseits, die sich nicht auf verschiedene Orte oder Zeit- 
punkte beziehen, werden durch die Wahl eines festen, astronomisch 
orientierten Systems in keiner Weise erschwert. Diese Wahl erfolgt 
somit allein aus dem formalen Gesichtspunkte, dass sie theoretisch 
betrachtet die einfachste und iibersichtlichste, fiir die Betrachtung der 
Erde im Ganzen sogar fast die einzige brauchbare ist. Vor allem ist 
zu betonen, dass dieser Wahl keinerlei Hypothesen iiber die Natur der 
die Variationen hervorrufenden Krafte zugrunde liegen, wie Bigelow 
zu meinen scheint, wenn er u. a. sagt : "The impulses ought to be 
referred to their extra-terrestrial axes, freed from astronomical rela- 
tions." Im Gegenteil beruht gerade die Beziehung auf den magne- 
tischen Meridian auf durchaus unnotigen und, wie ich meine, auch 
unwahrscheinlichen Voraussetzungen. Gerade diese Beziehung zu wah- 
len, bei der immer noch die Declination gegeben sein muss, wenn eine 
bestimmte Angabe gemacht werden soil, hat doch nurdann einen Sinn, 
wenn man dadurch eine einfachere Gesetzmassigkeit der Erscheinungen 
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zu finden hofft. Nun liegt bis jetzt kein Grund zu der Annahme vor, 
dass die verschiedenen Variationen der erdmagnetischen Kraft in ein- 
facher Weise von der lokalen Mittelrichtung dieser Kraft abh&ngen, 
insbesondere, dass sie auch mit dieser zugleich genau entsprechenden 
saecularen Aenderungen unteriiegen. £s ist auch kaum einzusehen, wie 
eine derartige Beziehung physikalisch moglich sein sollte. Will man 
also ohne vorgefasste Meinung an das Studium der Erscheinungen 
herantreten, so ist es sicherlich am besten, diese zun&chst in einem 
festen, nur nach formalen (mathematischen) Riicksichten gewahlten 
Coordinatensysteme zu registrieren und abzuwarten, ob etwa die 
Erfahrung zeigen wird, dass fiir das eine oder andere Phdnomen eine 
seiner Natur besser angepasste, specielle Form der Darstellung 
existiert. 

Nicht recht verstandlich ist mir die Bemerkung, dass die magne- 
tischen Impulse instantan seien und daher keine Correctionen zur 
Reduction auf eine bestimmte Epoche bediirfen, da es sich ja nicht um 
eine Veranderung des Vectors, sondern nur um eine zur Erzielung 
einer genauen Vergleichbarkeit erforderliche Abanderung der Form 
seiner Darstellung handelt. 

Zum Schlusse sei noch darauf hingewiesen, dass, wenn man einma 
die Coordinaten auf den magnetischen Meridian beziehen will, dann 
auch consequenter Weise als Hauptaxe nicht die Verticale, sondern die 
Richtung der Inclinationsnadel gewahlt werden miisste. Man kame 
damit auf die fiir viele Zwecke gewiss niitzliche Form, die Liznar 
besonders zu graphischen Darstellungen empfohlen hat, (vergl. 
Wiener Sitzungsberichte C, Abt. II., Nov. 1891, pag. 1153), und die 
Bauer bei der Untersuchung der Saecularvariation angewendet hat. 

Anders verhalte ich mich gegeniiber der Frage, ob rechtwinklige 
oder Polarcoordinaten anzuwenden seien. Ich meine, dass je nach der 
Natur der Aufgabe bald diese, bald jene zweckmassiger sein konnen. 
Deshalb wiirde ich es fiir sehr niitzlich halten, wenn in den Jahrbiichern 
der Observatorien beide Darstellungen (nur mit dem wahren Azimut 
fi-\-D 2Si Stelle von )8, also mit den Werten j, a, )3+Z>) angegeben 
wiirden. Will man sich aber auf eine Darstellung beschranken, so 
halte ich allerdings diejenige durch die rechtwinkligen Componenten 
A A!', A K, AZ fiir die weitaus wichtigere, weil allgemeiner verwendbare. 
Der einzige von Bigelow dagegen angefiihrte sachliche Grund kommt 
auf die Behauptung hinaus, dass die Darstellung durch Gesamt- 
intensitat und Richtungswinkel anschaulicher sei, als diejenige durch 
Componenten. Selbst wenn dies richtig ware (was ich bezweifle, da 
dabei sicherlich die Gewohnung von grossem Einflusse ist), so wiirden 
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doch die letzteren vorzuziehen sein, weil sich mit ihnen bequemer 
rechnen und analytisch operieren lasst. Fiir die Gewinnung einer rich- 
tigen und umfassenden Anschauung werden doch stets graphische 
Darstellungen ein unersetzliches Hiilfsmittel bleiben ; von der zahlen- 
massigen Darstellung ist in erster Linie zu fordern, dass sie moglichst 
den Bediirfnissen der Rechnung angepasst sei. Das ist aber nur bei 
der Angabe der Componenten der Fall. Nur diese gestatten eine ein- 
fache Zusammensetzung und Zerlegung in mehrere Bestandteile, die 
Bildung von Mitteln u. dgl. Wie umstandlich sind nicht alle diese 
Operationen bei derBenutzung von Polarcoordinaten. Und doch sind 
sie fortwahrend notig, zumal da unzweifelhaft die thatsachlichen 
Variationen der erdmagnetischen Kraft aus dem Zusammenwirken 
einer ganzen Reihe von Einfliissen entspringen. Und wenn man nicht 
die Vorgange an einer einzelnen Station, sondern die Erscheinungen 
auf der ganzen Erde zusammenfassend oder vergleichend betrachtet, 
so tritt die durch die Benutzung der Componenten erzielte Verein- 
fachung noch deutlicher hervor. 

Den Hauptvorteil der Verwendung von Polarcoordinaten (die 
zugleich mit ihm auch Liznar, Wiener Sitzungsberichte CI, Abt. II., 
Febr. 1892, pag. 87, eingefiihrt hat) sieht indessen Bigelow in der 
geringeren Arbeitsleistung, die zu ihrer Berechnung notig sei. Mit 
der starken Betonung dieses Arguments kann ich mich nicht einver- 
standen erklaren. Wenn irgend eine Arbeit fiir den Fortschritt der 
Wissenschaft unerlasslich ist, so muss sie eben geleistet werden, und 
sie wird es auch friiher oder spater; die Bemerkung: "The simplest 
possible form of work will alone survive the test of actual operation " 
gilt nur insoweit, als durch die vereinfachte Behandlungsweise die 
Brauchbarkeit der Ergebnisse nicht verringert wird. Nun ist aber 
obendrein die mit der Berechnung der Componenten verkniipfte 
Arbeit keineswegs sehr betrachtlich. Zunachst handelt es sich ja hicr 
nur um die Forderung, jedes Observatorium solle alljahrlich etwa die 
Monatsmittel des taglichen Ganges von X und Y ableiten, was genau 
dieselbe, den sonstigen Reductionsrechnungen gegeniiber verschwin- 
dende Arbeit erfordert, wie die vielfach iibliche Ableitung des Gan- 
ges der Totalintensitat und der Inclination. Dann aber ist mir 
die Meinung Bigelow*s, dass die Ermittelung der Componenten 
AA^, A y, AZ, miihsamer sei, als die Bestimmung der polaren Bestim- 
mungsstiicke j, a, )8, vollkommen unbegreiflich ; es ist eher das Gegen- 
teil der Fall. Fast scheint es, als meine er, bei der Bestimmung der 
letzteren konne man sich graphischer Methoden bedienen, zur Her- 
leitung der ersteren aber miisse man durchaus den Weg der Rechnung 
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benutzen. Ein Unterschied besteht allerdings in dieser Beziehung. 

a 

Die Foriiieln zur Berechnung von j, a, ^ sind so unbequem, dass die 

Benutzung eines Diagranims die Arbeit ausserordentlich vereinfacht ; 

dagegen ist bei A A^und A Kmit Benutzung von Multiplicationstafeln 

Oder ahnlichen Hiilfsmitteln die (dann leicht ganz im Kopfe auszufiih- 

rende) Rechnung bei grosserer Scharfe kaura umstflndlicher als die 

graphische Ermittelung. Was nun den fiir die letztere notigen 

Arbeitsaufwand betrifft, so gestaltet er sich in den beiden Fallen fol. 

genderniassen. Es ist offenbar (mit Bigelow's Bezeichnung) 

A A^= — dy sin D -f- dx cos Dy A Y =^ dy cos D-^- dx sin D, 

Die Berechnung von A A^, AK, AZ(= dz) kann also nach dem Schema 

Aiy,AZ>,AF I dx,dy,dz \ <r,a,)8+Z> | AA^,Ay,AZ 

erfolgen, indem 

dy 

erst <T = ^dx* + ^J'' > ^^^^^li' "^^ dann A A' ^ cr cos ()8 + D)y 

AK=crsin(/J+Z>) 

durch je einmalige Benutzung des Bigelow'schen Diagramms gefunden 
wird. Offenbar erfordert dies genau dieselbe Arbeit, wie die Ablei- 
leitung von J, a, /3. (Scheinbar ist eine, freilich niiniraale Mehrarbeit 
in der Bildung der Summe )3+ Z> zu leisten ; aber diese hat, abge- 
sehen davon, dass sie durch eine veranderte Bezifferung des Diagramms 
eliminiert werden konnte, nichts mit dem Gegensatze von recht- 
winkligen und Polarcoordinaten zu thun, sondern beruht auf der 
Verschiedenheit der Azirautzahlung.) Nun kann man aber offenbar 
die Ermittelung von A A", A K noch vereinfachen und auf die einmalige 
Benutzung eines Diagramms, das aus zwei um den festen WinkelZ? 
gegeneinandergedrehten, rechtvvinkligen Netzen besteht, beschranken. 
Wie man diese am zweckmassigsten einrichtet, bedarf wohl keiner 
Erlauterung. Ebenso braucht wohl kaum darauf hingewiesen zu 
werden, dass man die Bestimmung von dy (und notigenfalls dx^ 
ersparen kann, wenn man das eine Netz fiir jeden Fall besonders 
construiert. Man wird dies natiirlich nur thun, wenn die zu erzielende 
Ersparnis die Miihe der Construction lohnt. 

Zeigt sich so, dass man A A', A K, AZ sogar noch schneller, als J, a, /8 
finden kann, so sieht man andrerseits leicht ein, dass sich die Bestim- 
mung beider Systeme von Grossen bequem und mit einigem Vorteil 
verbinden lasst. Ich schliesse mich deshalb der von Bigelow an die 
Vorstande der Observatorien gerichteten Aufforderung mit der 
Abanderung an, dass ich wiinsche, 

es mochten unter alien Utnstdnden die Variationen der Componenien^ 
AAr,AF,AZ 
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und^ wcnn irgend tnoglich, auch die Werte von j, a, )3 -f- j9 (nicht 
von P) abgeUitet und publiciert werden. 

Es ware sehr erfreulich, wenn auch von andrer Seite Stellung zu der 
vorliegenden Frage genommen wiirde, was nur dazu dienen konnte, 
die Erfiillung der ausgesprochenen Wunsche zu beschleunigen.' 
Sollte dies der Fall sein, so wiirde sich Herr Bigelow durch die von 
ihm gegebene Anregung unzweifelhaft ein grosses Verdienst um die 
Sache der theoretischen Erforschung des Erdmagnetismus erworben 
haben. 

Ich kann nicht schliessen, ohne wenigstens einige Worte iiber die 
von Bigelow im Voriibergehen beriihrte Frage der Festsetzung der 
Vorzeichen zu sagen. Es ist durchaus meine Meinung, dass man sich 
darin dem heutzutage in der theoretischen Physik wohl allgemein. 
iiblichen Gebrauche anschliessen, d. h. positiv gegen die Bewegung des 
Uhrzeigers zahlen solle. Dadurch wird aber der positive Drehungssinn 
in der Erdoberflache keineswegs bestiramt, sondern er wird nur in 
eindeutige Beziehung zur Richtung der positiven Normalen gesetzt. 
Lasst man diese nach Innen gehen, so muss man westliche Werte von 
D und Y negativ rechnen ; will man letztere umgekehrt positiv 
nennen, so muss man sich entschliessen, nach unten gerichtete Ver- 
ticalkrafte und nordliche Inclinationen als negativ zu bezeichnen. Da 
man dies doch wohl kaum zweckmassig finden wird, und da es andrer- 
seits gewiss besser ist, die magnetische Declination in demselben Sinne 
wie das geodatische Azimut zu zahlen, als umgekehrt, so scheint mir 
auch jetzt noch die erste der beiden angegebenen Moglichkeiten den 
Vorzug zu verdienen. 

Goth A, den 20. November 1895. 



OLD MAGNETIC DECLINATIONS. 

On account of the renewed interest being paid to old magnetic 
observations, I should like to inform you that I am continuing my 
researches, the results of which I published in my paper, ^^ De Isogonen 
in de XVI^ en XVII ^ Eeuw, Utrecht, 1893." 

The large number of old ship journals, in the government archives 
at The Hague, furnished me with a thousand new declinations, which 
enabled me to draw isogonic maps for the period 1 540-1 680, given in 
the above publication. From journals of later date, particularly for 

' It is to be hoped that this wish of Dr. Schmidt's will be fulfilled and that the 
matter brought forward in the above letters will receive the attention its importance 
merits with the result that others will be induced to take part in the discussion. — Ed. 
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the years 1 630-1 720 and of the travels from Holland to the Cape of 
Good Hope, also found in the government archives, I have made 
extracts. There are, besides still older journals there, which were not 
used in the maps referred to. Among others, the independent 
observations made on four ships that sailed in company from India to 
Holland in the year 1677, ^^e very valuable. 

The journal of the famous Antonio van Diemen, and that of a ship, 
" De Noord-Beveland," contain observations in the neighborhood of 
the islands of Amsterdam and St. Paul, viz., 1633, June 17, 38*^ 20' 
Si 77° 30' E, 25° o' West Declination; 1757, Amsterdam, SSE^S, 
8-9 geogr. miles, 17° o' West Declination. 

In the " rotario " of Hessel Gerritz (1627-8), mention is made of 
an important observation in 1624 by the pilot Jan Carstensz, whose 
vessel lay anchored off the south side of the island of Granada in lati- 
tude 12° 9' N, on the shore of which he observed 4° easterly declina- 
tion. 

Most remarkable also are the observations made on one of the 
ships with which the admiral Hendrik Brouwer visited Chili in the 
year 1643. Supposing an easterly current of twenty miles daily, their 
observations to the west of Chili are : 

1643 May 4 49" 30 'S, 94° E. o** 25' E. Decl'n. 

" 8 44 89 10 " " 

" 13 43 50 81 36 " 

" 24 42 40 73l 5 25 " 

Though it is possible that the compass used had an index error, 
still these observations seem to make certain the existence of an agonic 
oval in the Pacific; they are in fair accordance with the isogonics 
drawn in my map for the year 1640. 

Although this work progresses slowly, I hope to be able to publish 
soon an improved series of isogenic maps for the 16th and 17th cen- 
turies and the first part of the i8th. 

W. VAN Bemmelen. 

Levden, October 19, 1895 



SOME OBSERVATIONS OF MAGNETIC INCLINATION 

IN CHINA. 

While engaged on a meteorological mission in China in 1883, ^ 
made some observations of the magnetic dip. The observations in 
Hong Kong were made in the public gardens, as the observatory was 
not yet built. The observation in Swatow on the loth of October was 
made at the British Consulate ; on the 3d of November, at the English 
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Presbyterian Mission's Compound. The observations in Amoy were 
made in the garden attached to the residence of the Commissioner of 
Customs. In Takow, they were made at the Custom House, and at 
South Cape, Formosa, in a sheltered spot near the lighthouse. 



Place 


Date 1883 




Local Mean Time 


Dip (North) 


•Lat. N. 


•Long 
E. of Gr. 


liong Kong, 


November 5 


- 


5^ 2"» 


p.m. 


32'' 


17' 


22** 


17' 


114" 10' 


4( 


9 


- 


5 


ii, 


32 


19 








Swatow, 


October 10 


- 


5 26 


44 


34 


23 


23 


21 


116 40 


«( 


November 3 


- 


II 30 


a.m. 


34 


17 








Amoy 


October 14 


- 


3 50 


p.m. 


36 


45 


24 


27 


118 04 


«« 


16 


- 


5 10 


44 


36 


50 








Takow 


24 


- 


3 


44 


32 


54 


22 


36 


120 16 


South Cape 


27 


- 


4 


44 


31 


24 


21 


55 


120 51 


(4 


28 


- 


4 30 


44 


31 


271 








<4 


29 


- 


3 20 


44 


31 


24i 






















w. 


DOBERCK. 


Hong Kong Observatory, 


October 8, 


. 1895. 













EDITORIAL GREETING. 

With this issue appears the first number of a journal devoted exclu- 
sively to Terrestrial Magnetism, and its allied subjects such as Earth 
Currents, Auroras, Atmospheric Electricity, etc. No apology will be 
made for thus adding one more to the already over large list of scien- 
tific periodicals. Indeed, it is this very multiplicity, making it possible 
for articles on Terrestrial Magnetism to appear anywhere but specially 
nowhere, that has made the need of concentration keenly apparent to 
the lovers of the science. 

Primarily, the aim of this Journal will be, to create a broader sym- 
pathy and to afford an easier communication between widely separated 
workers in a field that is day by day receiving greater recognition and 
whose possibilities have not yet been fathomed ; secondarily, to increase 
the army of workers and of students. 

Without doubt one of the chief wants of Terrestrial Magnetism 
today is a convenient channel for the timely and friendly interchange 
of ideas among the specialists in the science. There is not a single 
journaly at present ^ that supplies this want. The literature is in conse- 
quence scattered over many and miscellaneous periodicals, often well- 
nigh buried away in obscure publications or in such as are only 

* These two columns were kindly supplied by Mr. G. W. Littlehales, Chief of 
Division of Chart Construction, U. S. Hydrographic Office, from the descriptions given 
in above letter. — Ed, 



*** ' '*• '> A-Ot. I. NO. tT 

ill th^ w:r;j#r> s^e, ^ .,..-,^ .-: - .»,,^c. :»rr lecn personal Iv 

• •v'^mtni^/* .»- S#^ -^'.-r -f-- ^\^^r^ .,- r^;rrr -rf follows: "To 
ifl*< iZ-r,.;,! f.-f.,,,^.^ '-->-, ;^r.f-rr r .">-:: rnariw". Lord Hirfi 
AMmtrfi '.» .-.^^r».^^ .jp^.^ ,: .u»rr/. r ,: T.-^ .''^au^tie*!? FoFces." 
Vr^tv /^irtr^ V. *^ r* . <-rr* » jif-r-rT -.nne. lic 30 1 bear this 
tifir mt'.i rr^: ' '- : ^.r -.^ :-i;irr vrr- -::je ibove dedica- 
tion 'Vmi#t .r.r ;fi<^ .^^. >rt,;.;.n#»r: T —,. :j4 .:ai Deca supposed, 
Utit ;#'>ni#^.«r*i^ ;<r-r X''r>r..' t ':z .r ricrrtaaniv appeared 
li^for^ r^-> ''.•^ -« ->^ ^r - .tis ^^vr-T n i -educed scale. 
wifh \\^. f^X^^ •-yiki ^^tr^ % :-i<r r^tjcxt* Ftni:Ls idded, in the 
" .\f iqr»»l'^rn^:4r '^,.r.-j:% ^.rr.'niii- ;iiw#^.-#^ "here :s a reference 

10 /-'// r» f »;r^ -^ '^r::«r..tt '/.arT >>inrcrn »ic 3^ Heihnann, \'\l,, 
\T\t\\^ ffio u *^.f/t u *rff: "-.; , .. .♦./: lentiv. then, a chart 
pn/iru^ h^ ,r,r .-r r>-r,-r; r n ^r .nv- .^rvxi-t^zci jut bv Hailev. 
It i s '1 1 » 1 f ^ y,*a I - . - ^ •-. ;♦ r :-. #* ; la rr -.--r ^ -r. ttr: 3 v The Paris Academy 
m 1 70 1 «r^r* -j.-.n^ .rhe*r '.an hrr ' -wiAnric Iliart * riven here, as 
will p^'*s#rat!t' «r>r.,»ar 

Thr ->i*<r i' hr- ^rlAnr:*- 'iiarr " .^ ^ntireiv <iicferent from 
that of *h^ VV'»,r*/: Iliarr .r :or .rr:.- i^^es not embrace the 
^ntir^ 2lr>*vr '>»;r hr .r;ii€- r -.rriietrr.on a TiijiHitiv diSerent, as 
also :he >ry^;!ins' jt « rric: -r "he Tames. /.. "Wild Brasile** 
inst«*ad ot ''A';r:i^ ^rizilcr V rr 'tie :^r*iai arration or isoironic 
lin^^ arr* .rl^ntir;*! v^rh -1io.j*7 )r 'he ''V. .r^i Iliart," except that 
in no ^ase ir*^ -hrr-- rzz-.rr.cjrxi. -rrn- -he anu. ind that in a few 
instan/trrs *hf?-- kfir .1: ^^nrlv :irr). onire:!. It rarthermore contains 
.v>me addition;*! "r!:ttunr:=. micr jr vnica ie:nir the !avinar down 
of the 'to'irse u :iie p-unmt.Mir p-'iik. ihe mip in which Hallev 

/'r/»if>y>/-/»i>«rf. ' •. «: 'jnarirrii^et: . ~*.^ :. .tjf^ "'c -rnminr "iie :narc I puhiisheii in 
17OT. for ;h#r:w'nff iT -nt* -'tf^ r.«r ' aror:. its r i» M.iyimcai Compass, m ail those 
.S<*am •*:fh ▼lirn hr Z.wiisti S-crizii^r^ Be- arjnamrevi. ' 

• in 'hr P'tU' \*fi^n.u ."'zn^j^rji^ns. '" ■*. it •micnijxe'.i , i-qj-:. p. IIOQ. there is 
a letter »»' -'>r V ii;i> -.- .-toi.r^. lottr-i rrm. 'yiavi:. i-r^i :min which I extract the 
follow.n^ * 1 ^nr -^^n i L.rrttfr Wioi hre^ we-ati since -which. I Jiipe vou received* 
with mv .lear!"- Tianjij ur !ie ?-es«nt i^a la^i 'hea sent aie : voor Map ot the Mag- 
netick V.ir.anoas. I I't^* iat'n he iimij ks la ixcedeat Ze^iiifn. and very Instructire, 
well Omtr.vert. ina ▼*?:! £cec-are.L .Laii men. I "nina was aever undertaken byanv, 
h^efore -ou. ' '. nii-r-unare:- ii^ ^tatenient s sade -sr-uch would clinch the matter 
whether V^ iiUs /■' 1 r-nv t ue '^ X ^^.^l Z'^i^irz ' .-r the - Atlantic Chart." If the 
jiarmi^ fhat :t wis ::ie rrrner :.uiii :e pr.rrsa r^e. ±ca wi.iiiid die date ot publication 
of the "W'.riii Char ' 'e nr.aeraurs :mitevi :i-. :he luterva. between April 17, and 
abovt May 1,1702. 
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one day be interpreted, a record of its pulsations and its flutterings, as 
well as of that slow but mighty working [ the secular variation ] which 
warns us that we must not suppose that the inner history of our planet is 
ended.''' This extract suffices to give a hint as to the possibilities of 
geomagnetic investigations. In directing our eyes and energies sky- 
ward to unravel the phenomena of the starry firmament, let us not 
forget that the Earth, too, has its secrets and its mysteries that ought 
to be disclosed. Is it not geophysical observatories, generously equipped 
and endowed, that we especially need today? 

In conclusion grateful acknowledgment must be made to the Asso- 
ciates and to all those who have in any way lent their cooperation in 
the establishment of the Journal. Special mention should be made of 
Prof. Eschenhagen, of Potsdam, and Dr. Schmidt, of Gotha, for their 
warm interest and their valuable suggestions. The Journal is to be 
congratulated in that it enjoys the kindly and active interest of Prof. 
Michelson, and is to be published under the auspices of the Ryerson 
Physical Laboratory. It is also gratifying to state that the editorial 
assistance of Dr. Mendenhall has been secured. To him will be 
referred all matters relating to Atmospheric and Telluric Currents. 
Prof. P. Wernicke, mathematician and linguist, has kindly promised 
his assistance in the handling of foreign matter. In the bibliograph- 
ical department, the valuable assistance of Mr. Oliver L. Fassig, 
Librarian of the Weather Bureau, U. S. A., has been obtained. 

That this Journal is a timely one is amply shown by the full list on 
the next page of the Associates on the editorial staff. It will be seen 
that there is a truly international representation of foremost investiga- 
tors. The size of the Journal was originally to have been about 32 
pages. With such favor, however, was the idea of such a publication 
generally received that it became at once necessary to decide upon an 
enlargement in order that the purposes of the Journal might be 
adequately fulfilled. 
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NOTES 

Personals. Prof, H. Wild^ having resigned his directorship of the 
Physikalisches Central Observatorium of St. Petersburg, has returned to his 
native country and has taken up his residence in ZUrich. — Dr, M, Eschen- 
hagen, in charge of the Royal Magnetic Observatory at Potsdam, and Dr, 
Luigi Palazzo, of the Ufficio Centrale di Meteorologia e di Geodinamica, 
Rome, have been made professors. — Prof, J, Hann is lecturing this semes- 
ter at the Imperial University of Vienna on the results of geomagnetic 
investigations. — Dr. B, Weinstein^ who includes among his lectures at the 
Berlin University, a series on terrestrial magnetism, has been elected to an 
extraordinary professorship in physics. — Mr, R, L, J, Ellery, formerly in 
charge of the Melbourne Observatory, has been retired and is succeeded by 
his chief assistant, Mr, P, Baracchi, — Prof, F, E, Nipher, to whose pri- 
vate enterprise is due the only detailed magnetic state survey in this country, 
has recently published a mathematical treatise on electricity and magnetism 
for advanced undergraduate students (J. L. Boland, St. Louis, Missouri). 

According to information received from Dr. van Rijckevorsel, he and Dr. 
van Bemmelen have been engaged during the past summer in making the 
preliminary arrangements for the investigation of the influence of elevation 
above sea level on the magnetic elements. After a careful consideration it 
was concluded that the best, and possibly the only, mountain in Europe, ful- 
filling the requisite conditions for their purpose, would be the Rigi. The 
object of this summer's work was to ascertain whether the Rigi itself exerts 
a disturbing influence upon the magnetic needle. The necessary observations 
have been made, but the computation is not yet completed. 

The necessity of a Magnetic Observatory at Melbourne. — The editor is in 
receipt of a letter from Professor Schuster calling attention to the desira- 
bility and absolute necessity of the re-establishment of the Melbourne Mag- 
netic Observatory, not only on account of the extreme paucity of magnetic 
observatories in the southern hemisphere, but especially on account of the 
extreme southerly magnetic latitude of Melbourne. He says : " I hope that 
in an early issue of the Journal you will draw attention to such places of our 
globe where magnetic observatories are most needed, and where they could 
be maintained without much trouble. I understand, for instance, that little is 
known about the present magnetic constants in Australia. There are several 
very competent physicists in Australia who I am sure would help in the mat- 
ter, did they realize its importance. In many cases I am sure they believe 
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that we know as niuch as wc netxl." With regard to the work done at 
Melbijiirr.e since Neumayer's time the following extract from Mr. Baracchi's 
letter w.'.l -.rJorm us. "Although I have been in charge of the magnetical 
work here for the last three years, I could never lowing to my astronomical 
occupa::<>r^i give it any more time than was necessary- for the absolute meas- 
urements (nine or ten times a year) and for keeping the required control over 
the 3elf-re;f:sterin]? instruments. And I recrret havinur to sav that the dailv 
curvi::s of declination, horizontal and vertical force, have not been systemati- 
cally measured since Professor Neumayer worked out his results for the epoch 
1838-62, so that hardly any systematic use has been made of the records, 
wkkk extend without serious interruption over thirty years. ** 

How Terrestrial Magnetism has been represented at some of 
THE National Assemblies during the year i8q5. 

Siebente ai/j^emeine I'ersawmtunj^ der Deutschen Meteorologiscken Gesell' 
schaft su Bremen, April, /J^j. -This meeting m-as held m connection with 
the "XI. Tagung des deutschen Geographentages." At the latter inter alia 
the question of antarctic exploration was discussed by Messrs. Neumayer, van 
Dry'galski and Vanhoffen and a paper was presented by Wagner of Gdttingen, 
on the development of the compass charts. .At the former the following papers 
on terrestrial magnetism were presented. ll\von Besold : **Ueberdie Isano- 
malen des erdmagnetischen Potentials.'* \'on Bezold's *' isanomalous lines of the 
geomagnetic potential '* are those lines drawn on the earth's surface connect- 
ing the places having the same departure (with due regard to sign) from the 
normal potential which is taken as equal to the mean value of the potential 
along the parallel of latitude passing through the particular place. He fully 
developed the theor>' of these lines and reached some interesting conclusions. 
The paper was presented in outline for the first time before the Berlin Acad- 
emy on January 19, 1893, and in its entirety on April 4, 1895, and has now 
been printed in full.* G. Hellmann : " Magnetische Karten des i8. Jahr- 
hunderts.*' Very slowly, said the speaker, did the knowledge that the magnetic 
needle does not point truly north gain headway. The earliest mention of the 
fact in a printed work occurs in 1527, and in 1532 it is graphically pictured 
for the first time. After giving a brief account of his reproduction of the earliest 
magnetic charts, he exhibited eleven original charts of the i8th century in 
his possession. For three centuries, he said, the study of terrestrial mag- 
netism has been mainly kept alive by the service it renders to the mariner, 
and it was not until this century that it was prosecuted for its own sake and 
elevated to the dignity of a geophysical problem by Humboldt and Gauss. 
A, Schuster: ** Ueber die 26 tiigige Periode meieorologischer Erschein- 
ungen." Repeatedly have investigators believed themselves to have discov- 
ered a iwenty-six-day periodicity in meteorological and magnetic observations 

^ SitztinKS'Berii-kte der AkadtmU iter IVissenscha/fen zi4 Berlin; math. phys. CI, 
i8q5, PP- }>^S 37i<- 
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due to the Sun's rotation. The author investigates theoretically the various 
errors to which one is liable in the search after periodicities underlying an 
irregularly running curve, and after a critical study comes to the conclusion 
that the investigations with respect to a twenty-six-day period thus far pub- 
lished cannot as yet be regarded as conclusive.' 

National Academy of Sciences of the United States of America^ Washington^ 
April, i8g^. — "On the Secular Motion of a Free Magnetic Needle,** hy L, A, 
^fl«/^r (introduced by C. Abbe), published in the Physical Review , Vol. 2, No. 
12, and Vol 3, No. 13. 

American Association for the Advancement of Science, Springfield, Mass,, 
August and September, J8g^, — F. H, Bigelow : "Solar Magnetic Radiation 
and Weather Forecasts," embodied in his paper "On the Status of the Solar 
Magnetic Problem,** Science, October 18, 1895, p. 509; iM, A, Veeder: 
" Magnetic Storms and Sun-spots, a Method of Showing Their Connection," 
privately published, Lyons, N. Y., August, 1895 ; Z.. A, Bauer: "On the Dis- 
tribution and the Secular Variation of Terrestrial Magnetism," a paper giving 
the results of a communication to the Washington Philosophical Society, 
May, 1895, of which Nos. I., II. and III. have appeared in the American 
Journal of Science, August, September and October, 1895. The new 
chief of the United States Weather Bureau, J/r. W, L. Moore, in his 
address before a joint meeting of the sections on the "Relations of 
the Weather Bureau to the Science and Industry of the Country," stated 
that Professor Bigelow's studies of terrestrial magnetic forces, as induced by 
the solar magnetic field, will be the line of investigation prosecuted during 
the next two years, from which it is hoped that results satisfactory to the 
practical as well as the theoretical man may be obtained.'* Results of these 
mvestigations are being published regularly in the Monthly Weather Review, 
edited by Professor Abbe. 

67. Versammlung Deutscher Naturforscher und Aerzte in Liibeck, Septem- 
ber i8g^. Professor A, Paulsen : " Ueber die Natur des Polarlichtes ;" Profes- 
sor M, Eschenhagen : " Zum Studium der Variationen des Erdmagnetismus," 
to be printed in full in the second number of this Journal ; Professor G, 
Neumayer : " Der deutsche Plan fiir die wissenschaftliche Erforschung der 
Siidpolar-Region"; Admiralitatrat Koldewey : "Ueber Construction und Prii- 
fung nautischer Instrumente, speciell der Sextanten und Compasse." 

British Association for the Advancement of Science, Ipswich, September 
fSgj. The President, Sir Douglas Dalton, in his inaugural address drew 
attention to the financial difficulties of the Magnetic Observatory at Falmouth, 
" close to the home of Robert Were Fox, whose name is inseparably connected 
with the early history of terrestrial magnetism in this country." . . . •• Cornish- 
men, indeed, could found no more fitting memorial of their distinguished coun- 
tryman, John Couch Adams, than by suitably endowing the Magnetic Obser- 

* For further details, see the report of above meeting in the Meteorologische Zeit- 
schrift, August, 1 895. 
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vaton' in which he tuck so lively an interest." The Journal hopes that this 
eloquent ap(>eal will nnd a ready respctnse. Before the Section of Physics* 
Professor Riuker presented two [)apers. The first gave the results of a com- 
parison of magnetic standard instruments, made by himself and Mr. W. 
Watson. It will be recalled that Professor Riicker in his presidential address 
before the Section last year emphasized the absolute necessity for an inter- 
comparison of the standard instruments at the various observatories in Eng- 
land on account of the instrumental differences shown to exist by his own 
investigations and previously by those of Rijcker>*orsel and Solander. During 
the past year the necessar>- observations have been made, a portable declin- 
ometer of the Kew pattern being carried to the various observatories. Accord- 
ing to Xature,^ " Errors are found in the latter [observatory standards] which 
are in every case traceable to magnetic material in or on the wooden box, 
containing the suspended magnet. If this box be replaced by an ebonite one, 
the error disappears. It is. however, easier to allow for the error than to get 
rid of it: its amount is perfectly detinite." In the second paper were com- 
municated the results of a test made at Kiicker's instigation by Messrs. Kay and 
Whallev of the vertical (earth-air) electric currents revealed bv Dr. Schmidt's 
(Gothaj re-computation of the Gaussian coefficients, preliminary' results of 
which were presented to the society the previous year. ** Such currents would 
be shown by the non-vanishing of the line-integral of magnetic force when 
taken round a closed circuit on the earth's surface. Four independent cir- 
cuits, three in Great Britain and one in Ireland, were taken and the data of 
magnetic force from the surveys of 1886 and iSgi were utilized. The results 
do not decide the general question, but they show that in the United King- 
dom the upward current has certainly not more than one-tenth of the value 
computed by Dr. Schmidt.* Lord Kelvin calculated that Dr. Schmidt*s current 
(o.i ampere per sq. km. of surface) amounts to a removal of the fine-weather 
charge of the air near the earth 36 times per second." Dr. Chree presented 
an elaborate paper which was adopted as the ref)ort of the committee on the 
Comparison and Reduction of Magnetic Observations, a review of which will 
be given in the second number. 

REVIEWS 

The Kagnetic Obsenrations ICade at the Obsenratory at Batayia. Observations 
made at the Magnetic at and Meteorological Obsenratory at Batavia. 
Vol. XVI, 1893. Batavia, 1894. 

This volume may be regarded as the most important of this excellent 
series of publications, since it contains as a special feature, besides the usual 

'.Scpteml^r 26. 1895. 

'As the manuscript is pzu^sing through the press, Xature, December 19, brings an 
abstract of a paper by Prof. Riicker on the same subject, which was read before the 
I^^ndon i'hysical Society. December 13. Virtually the same conclusion was again 
reached. 



REVIEWS 49 

annual refcords and results, a very full discussion of the observations during 
the period 1883 to 1893. 

This Observatory, which was established and is maintained by order of the 
government of Netherlands* India, was from its beginning, in 1867, placed 
in charge of Dr. P. A. Bergsma, by whom the first five volumes of records 
and results were published. Its position is in latitude 6° 11' oo'S and in 
longitude 106 ** 48' 25 '.5 East from Greenwich. Temporary quarters were 
exchanged in 1879 for more permanent buildings, and about this time the 
old observations by eye were replaced by photographic registration, an Adie 
magnetograph having been set up in that year. Volumes VI-XVI were 
published by Dr. Van der Stok, who had been assistant director since 1877 
and who succeeded after Dr. Bergsma's death in May 1882, to the director- 
ship. 

The first volume appeared in 1871 ; it contains, besides records, discus- 
sions of the secular change, and of the diurnal, annual and semi-annual 
variations of the declination ; also investigations of the lunar-diurnal varia- 
tion, together with an analysis of the disturbances of the declination, the 
latter treated according to Sabine's method. 

This volume contains also a collection of values of resulting dips and of 
horizontal force component. 

The hourly records of the differential observations are fairly continuous ; 
the absolute determinations for declination, dips and intensity of the magnetic 
force, however, suffered some interruption in the earlier years. 

The special and most valuable feature in the volume mentioned at the head 
of this note, is the publication of the magnetic results obtained during the 
eleven years, 1 883-1 893, thus covering a sun-spot cycle. Its completeness 
may be judged by the fact that no less than seventy- three special tables are 
devoted to it. It should be remembered that the Author proposed to the Polar 
Conference at Vienna, a method of his own for the separation and discussion 
of the so-called disturbances ; all metboas so far tried with more or less suc- 
cess, are laborious in application and of necessity must contain some arbitrary 
element. 

The investigation of the lunar influence upon the different magnetic ele- 
ments, the Author reserves for the next volume. 

C. A. SCHOTT. 



LiZNAR, J. : DU Vertheilung der erdmagfuHschen Kraft in Osterreich-Ungam 
2ur Epoche iSgo.o nach den in den Jahren i88q bis 18Q4 ausgefUhrten 
Messungen, I. TheiL Erdmagnetische Messungen in Osterreich ausm 
gefUhrt auf Kosten der kais, Akad, d, Wiss. in den Jahren i88g-i8gj^ 
IVien, i8g^, /*, 2j2 pp, and i fig. Repr, Denkschr, d. Wiener Akad^ 
Math.-naturw, CL, Bd, LXII, 

This paper gives part of the results of a plan to repeat in Austria and 
Hungary the work of Karl Kreil who in 1 843-1 858 made an extensive mag- 
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netic survey of southeastern Europe, and at various points along the Asiatic 
coast. Kreirs measurements were reduced to the Epoch 1850.0, and the 
results with magnetic maps were published in the Denkschriften der fnathem,- 
naturw, CI, d- kais. Akad, d, IViss,, Bd. XX. 

It was arranged that observations along the Adriatic coast should be in 
the care of the Hydrographic Office of Pola and that those in Hungary should 
be made by the kdn. Centralanstalt fUr Meteorol. u. Erdmagnetismus in 
Budapest. The stations of Kreil in other parts of Austria were taken by 
the Vienna Academy of Sciences. The instruments used by all observers 
included in this plan were compared before and after the work of each year, 
and the observers in the field also made simultaneous observations at Pola 
and Trieste in the coast region, and at Budapest and 6-Gyalla in Hungary. 
In only rare instances was it found practicable to occupy the actual points of 
Kreil's observations, on account of modem industrial changes. 

The work described in the paper before us is the part retained by the Vienna 
Academy of Sciences, and placed in charge of the Author. The instruments 
used and the method of comparing them with those of the Centralanstalt fUr 
Meteorologie und Erdmagnetismus in Vienna is fully explained, as is also 
the method of making the station observations, and of reducing them by 
means of the continuous records of the central observatory. 

The measurements of the horizontal and total intensity are in millemeter- 
millegramme-second units, so that the results are reduced to c. g. s. units by 
dividing by 10. 

The volume closes with a table giving the declination, inclination, hori- 
zontal and total intensity at each station together with its latitude and longitude. 
The stations number 109. 

F. E. NiPHER. 



Die magnetischen Lokalabweichungen bei Moskau und ihre Beziehungen txa 
dortigen Lokalattraction. By Dr. H. Fritsche. Bulletin de la SocUti 
ImpMale des Naturalistes de Moscou, No. 4, Ann^e 1893, p. 381. 

Our knowledge of the interior of the earth is extremely limited, and the 
means of increasing it at present seem very inadequate in comparison with 
the interest of the questions involved. Even such fundamental problems as 
whether it is solid or liquid, and whether the external crust is rigidly sup- 
ported or is, so to speak, in a floating condition of equilibrium, are yet under 
discussion. The depths to which man has penetrated are as mere pricks and 
scratches compared with the size of the globe. A few experimental means 
'are available for investigating to some extent the outer shell of the earth. 
Variations in the direction and amount of the force of gravity, as developed 
by geodetic operations, throw light on the density and condition of the por- 
tions nearer the surface, and irregularities in the magnetic elements, as 
measured instrumentally, are believed to be due to the presence of disturbing 
masses below and hence afford a means of studying the position and nature 
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of these masses. As indicated in the title, Dr. Fritsche in this interesting 
paper has endeavored to compare and show some relation between disturb- 
ances in the direction of the plumb line and in the magnetic elements, as 
observed in the neighborhood of Moscow. 

More than thirty years ago it was developed as a result of the geodetic 
triangulation of Russia and astronomical latitude determinations made in the 
vicinity of Moscow, that there is a considerable disturbance in the direction 
of the plumb line there. In a strip 180 kilometers long east and west and 
forty kilometers wide, including Moscow, the plumb line is deflected towards 
the north, with a maximum of eleven seconds of arc. About twelve kilo- 
meters south of Moscow there extends in W.S.W. and E.N.E. direction a line 
where the local attraction is zero, and the plumb line is normal to the mean 
spheroid representing the earth. South of this again is a region where the 
deflection is toward the south, with a maximum of about Ave seconds. The 
deflections in an east and west direction were not developed and are supposed 
small. So considerable a local attraction is unusual in so level a region as 
that surrounding Moscow. Schweizer, who discussed these plumb line dis- 
turbances, suggested several hypotheses to account for them, as that beneath 
the line of no local attraction there was an empty space, or a mass of much 
less density than that on either side. To see if any of this effect could be 
due to iron masses, and, if so, to investigate their position and size. Dr. 
Fritsche undertook, in 1 893, a series of magnetic observations at thirty-one 
stations well distributed in the vicinity of Moscow and within a radius of 
eighty kilometers. As the whole work was done in eleven days, of course 
the most elaborate methods and instruments were not used, but all the ele- 
ments, declination, dip, intensity, both total and horizontal, were obtained at 
nearly all stations. The instruments, methods, and computations of the work 
are described with considerable detail. An azimuth compass was used for 
the declination observations, and the inclination and horizontal intensity were 
obtained with the compass by Lamont's methods. To compare the observations 
at the various stations, they were all reduced to the position of the observatory 
at Moscow by allowing for the normal variation of the magnetic elements with 
latitude and longitude as derived from a magnetic chart of European Russia. 
The difference, then, between the reduced values for each station and the 
mean for all thirty-one is taken as the anomaly for that station, and these 
values are tabulated, and are shown very clearly also on charts for each 
of the magnetic elements separately. For ready comparison the same 
charts exhibit the areas of plumb line deflection, and the line of no local 
attraction passing south of Moscow. There are also plotted the results of 
earlier magnetic observations in the vicinity of Moscow, more particularly 
those of Captain Meyen, made in 1853, which accord with the work of Dr. 
Fritsche. For the total intensity the chart shows a middle zone with a width 
of flfteen to twenty kilometers and a length of almost 150 kilometers from 
W.S.W. to E.N.E. (including the city of Moscow) where the total intensity 
is considerably greater than the normal (maximum from 2% to 3^), and beyond 
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this zone both to the north and south it is less than normal. The dividing 
lines, or lines of no anomaly run on either side of Moscow and nearly parallel 
with the line of no deflection of the plumb line. To cause this effect on the 
total intensity the mass under the middle zone must be magnetized as the 
north pole of the earth, and the regions to the north and south must be oppo- 
sitely affected. The chart showing the anomalies in horizontal intensity is 
very similar to the preceding, save that the middle zone is somewhat further 
to the southward. In the grouping of the dip or inclination anomalies it is 
shown that there is a line of normal dip passing through Moscow in a W.S. 
W. and E.N.E. direction as before ; north of this line the dip is greater and 
south it is less than the normal, the maximum anomalies being about fifty 
minutes each way. The declination anomalies seem much less systematic 
than the others, but are grouped into a region northwest of and including 
Moscow with excessive western declination (maximum i"* 35') and a region 
southeast where the needle is drawn abnormally to the east (maximum also 

i'35'). 

Dr. Fritsche's general conclusion is that these charts lead to the same 

result, that there are extended and connected disturbing ridges of iron 
beneath the surface, that below the middle zone being nearest the surface and 
charged with south magnetism, and the parallel ridges to the N.W. and S.E. 
with north magnetism though weaker than the middle one. The magnetiza- 
tion he attributes to the inductive effect of the earth's fleld. By comparing 
the position of the lines of normal dip and of normal horizontal intensity the 
estimate is made that the central disturbing mass is 10,700 meters below the 
surface. It is difficult to agree with Dr. Fritsche in his further suggestion that 
such a grouping of ridges of iron beneath the surface would also account for 
the plumb line deflections referred to. If as represented the central ridge of 
iron were nearer the surface and more massive than the others it would seem 
that the deflections should be toward it and not away from the central zone 
as the geodetic observations showed. In fact even if the three ridges were 
equal in mass and depth the deflections would in general be toward the center. 
That there is some relation between the magnetic and gravitational disturb- 
ances in this interesting locality however is indicated by the parallelism of 
the normal lines. It is possible that measurements of the force of gravity 
made in this vicinity might afford further information as to the conditions 
existing beneath the surface. If such iron masses as suggested existed with 
a density of nearly three times the average surface density they would 
doubtless have an effect on gravity which could be detected. When the 
general laws regarding the condition of the earth's crush are more fully 
established, it is probable that the remaining gravity anomalies may be 
studied with much value in connection with such local questions. Colonel 
Sterneck, in 1894, made pendulum observations at Moscow, but without a 
systematic comparison with results in other parts of Russia it is difficult to 
draw any inference at present. 

G. R. Putnam. 
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Die erdmagnetische Nachstdnmg. By Dr. W. van Bemmelen. Meteorolo- 
gische Zeitschrift, September, 1895. 

This paper contains a brief summary of a computation whose purpose is 
to establish the direction from which the vectors of the forces distributing the 
normal magnetic field of the earth proceed. It is divided into two sections, 
(i) those pertaining to the disturbances taken day by day, and (2) those dis- 
turbing the field taken hour by hour, at a considerable number of stations. 
For the former case a series of about ten days in the neighborhood of a dis- 
turbance, the maximum impulse being near the middle, is selected, and the 
variations for H, D, V, taken on the monthly mean. These are reduced to 
units 6th decimal c. g, s, and the azimuth {N, IV, 5, J?,) is completed at the 
several stations. It is suggested that better results would have been obtained 
by building a mean value for each day, on the assumption that the mean value 
for the month is true for the middle day, the 15th, and that the secular value 
of the field varies proportionately from the middle of one month to the middle 
of the next. Also it would have been more instructive to have computed the 
total vector s, and the altitude a, as well as the azimuth. Rectangular com- 
ponents contain the elements of useful knowledge, but it is more profitable to 
discuss them in polar vectors. Dr. van Bemmelen's conclusion is very 
important, namely that the vector meridians, which he calls " Nachstdrung," 
lie orthogonally to the ovals of the auroral " isochasmen,*' with a pole nearly 
midway between the magnetic and the geographic poles. This construction 
agrees with that given by my own computations, the details being unpublished, 
from the results of which I was enabled to state that the disturbances come 
upon the Earth from north to south, and nearly in the planes of the magnetic 
meridians. Now this is true of the large, abnormal impulses, and also of the 
steady normal variations impressed upon the terrestrial field from day to day. 
Since it is desirable to distinguish these lines of impressed forces proceeding 
from extra-terrestrial sources, and because the directions are common to 
normal and abnormal disturbances (Nachstdrung), would it not be acceptable 
to call them auroral meridians, as different from magnetic or geographical 
meridians? 

I am of opinion that the attempt to use quiet or steady days as reference 
for disturbances of an abnormal type is misconceived, that the available 
reference values are to be obtained by interpolation from monthly means, and 
that only barren results can be expected from computations referred to quiet 
days. The fact is that days of steady traces are disturbed in their means, as 
the unsteady days are, and the quiet traces sway up and down relatively to 
the base line, just like the abnormally unsteady days. This is of course to be 
modified in discussing hourly variations, where the diurnal rotation of the 
Earth has not eliminated the impressed forces of the equatorial field. 

The second portion of the paper continues the process for several stations 
taking now the hourly variations as the basis of investigation. The descrip- 
tion of the process of computation is very brief, but my impression is that the 
residuals are not quite pure. It is not enough to build the differences 
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between individual days and the analogous monthly means, but for each day 
the normal mean must be obtained, and to that must be added the normal 
hourly variations, as given by the month, in order to secure a value from 
which to subtract the observed hourly value. However, it is shown that the 
impules in northern Europe crossed the magnetic meridians from northwest 
to southeast at an angle of is**, which accords with my computation, the 
divergence changing at different stations. It is to be remarked that although 
the nadir component is more difficult to handle than the horizontal, yet it 
should be admitted to full play, if any expectation is entertained of arriving 
at the spatial location of the vectors of the impressed deflecting forces. 

Dr. van Bemmelen raises the question whether the axis of my coronal field 
at the Earth should make a daily movement about the geographical pole. 
Probably not, because the lines of force which at a distance from the Earth 
are nearly parallel to each other, are by the permeable nature of the Earth's 
shell greatly deflected, so that they sway about in space with the rotation of 
the Earth, the locus of contact at the surface not changing decidedly, though 
the angles may vary. The composition is, however, very fitful and fluttering, 
and until much more thoroughly studied, it is perhaps best not to attempt at 
present any final statement. The paper is very interesting and valuable. It 
is hoped that many investigators will be prompted to enter upon this fasci* 
nating field of physical research. 

F. H. BiGELOW. 
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UEBER SIMULTAN - BEOBACHTUNGEN ERDM AGNE- 

TISCHER VARIATIONEN. 

Von M. ESCH EN H AGEN IN POTSDAM. 

Als ein hervorragendes Ergebniss der ersten erdmagnetischen 
Forschungen Alexander v. Humboldt's und Arago's, sowie ins- 
bcsondere der Beobachtungen des von Gauss und Weber 
begriindeten magnetischen Vereins kann die Ermittelung der 
Gleichzcitigkeit des Auftretens gewisser starker Bcwegungcn 
der Magnetnadel an verschiedenen Orten gelten, und die magne- 
tischen Termincurven in den Tafeln der ** Resultate des magne- 
tischen Vereins" fesseln noch heute wie damals das Auge durch 
das "Erkennen von Mass und Harmonic im anscheinend Regel- 
losen." 

Als im Jahre 1882-83 im System der internationalen Polar- 
forschung diese Terminbeobachtungen von neuem in bedeu- 
tendem Umfange angestellt wurden, ergab sich zwar auch fiir 
verhaltnissmassig nahe, z. B. fiir die europaischen Stationen, ein 
glciches Rcsultat wie friiher, wahrend die ferneren und namentlich 
die den magnetischen Polen naheren Stationen erkennen lassen, 
dass wohl ein etwa gleichzeitiges Auftreten der magnetischen 
Storungen stattfindet, dass aber ein unmittelbarer Vcrgleich 
einzclner erdmagnetischer Componenten nicht mehr moglich ist, 
sondcrn dass diese plotzlichen Variationen einem komplicirteren 
Gcsetze gehorchen. Bei der Schwierigkeit, das umfangreiche 
Material, welches durch jene Terminbeobachtungen gewonnen 
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ist, zu bewaltigen. schcint cs uiis von Vortheil, erst mit einer ein- 
facheren Frage zu beginncii und nicht die grossen,verhaltnissmassig 
selten auftrctcndenStnrungen, sondern die allerkleinsten, zicmlich 
haufig vorhandencn Bewcgungcn dcr Magnetnadeln zum Gegen- 
standc dcs Studiums zu machen. Eine Trennung der St6rungen 
in Gruppen — wobci man zunachst an eine Eintheilung nach der 
verschiedenen Grosse denkt — schcint namlich zu dcm Zwecke 
geboten, um zu crforschen, ob alle demsclbcn Gesetze gehorchen, 
sich also z. B. nach Wcltzeit richten, oder ob cs Erscheinungen 
daruntcr giebt, die ortlicher Natur, wie z. B. die tagliche 
periodischc Schwankung, oder die Einfliisse dcr Gewitter sind. 

Nachdem man namlich seit 1858 (zucrst in England) ein 
photographisches Vcrfahrcn zur Rcgistrirung der Schwankungen 
eingefiihrt und dasselbc im Jahre 1882 durch Anwendung des 
Bromsilbergclatinepapiers wcsentlich vcrvollkommnet hatte, 
zeigen sich auf den in solchcr Weise gewonnenen Curven, 
namentlich wenn die Linicn hinreichcnde Scharfe besitzen, 
haufige, ganz kleine Wellen, die oft einigc Zeit hindurch in nahezu 
glcicher Amplitude, zuweilen aber auch in wcchselnder Gr5sse 
auftretcn. Noch kleinere Wellen, deren Amplitude geringcr als 
cine Bogenminute ist, gehen aber haufig durch die fiir seiche 
Zwecke nicht hinreichend grosse Abscissen bietende Methode der 
Registrirung verloren. Um dicselben aufzuzeichnen, muss man 
wieder zu directen Scalenbeobachtungen greifen, wobei man 
einen photographischen Apparat anwenden kann, wie er von den 
HerrenScheringund Zeissingin Darmstadt construirt worden ist, 
der zwar die photographische Curvenregistrirung nicht wird 
ersetzen oder verdrangen konnen, der aber nach der angege- 
benen Richtung hin Vollkommcnes leistct. Insbesondere erm6g- 
licht derselbc durch die pracise Zeitangabe die Losung der Frage, 
wie genau die Gleichzcitigkeit dcr Bcwegungen der Magnet- 
nadeln bci grosseren oder kleinercn Storungen an verschiedenen 
Orten vorhanden ist. 

Die erwahnten altercn Terminbeobachtungen wurden an 
bestimmten Tagen von fiinf zu fiinf Minuten angestellt und nur 
im Polarjahre 1882-83 wurden auch Stunden verscharfter Beob- 
achlung mit Ablcsungcn alle zwanzig Secunden eingefuhrt ; 
hierdurch war cs moglich, zu konstatiren, dass jene grossen 
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Storungen innerhalb eines Betrages von mehreren Minuten 
gleichzeitig an verschiedenen Orten auftreten — ein genaueres 
Resultat ergeben auch die photographischen Registrirungen 
nicht.' Fiir eine voUkommen sichere Ermittelung reichen nun 
die Ablesungen allcr zwanzig Secunden nicht aus, sondern man 
muss die Intervalle auf mindestens fiinf Secunden reduciren, 
ungefahr auch das ausserste, was von einem Beobachter, der 
zugleich Uhrzeit und Scalenablesung beobachten und protokol- 
liren soil, geleistet werden kann. 

Es wurden nun zum ersten Versuch solche streng simultane 
Beobachtungen nach mitteleuropaischer Zeit an den magne- 
tischen Observatorien zu Potsdam und Wilhelmshaven ange- 
stellt, und zwar versuchte man zuerst bei Gelegenheit von 
starkeren Storungen telegraphisch den Beginn der Beobachtung 
mitzutheilen. Doch es zeigte sich, dass es schwierig war, gerade 
eine giinstige Storung zu beobachten, da oft bei Empfang des 
Telegramms die Storung schon voriiber war und es fiir einen 
Beobachter zu anstrengend ist, die Ablesungen langer als eine 
Stunde fortzusetzen. 

Man kam schliesslich iiberein, bestimmte Stunden zu ver- 
abreden, und wahlte die Abendstunde von 6 — 7, wahrend der die 
Storungen oder doch kleine, schnelle Bewegungen der Magnet- 
nadel haufig aufzutreten pflegen. Es wurde verabredet, die 
Ablesungen allein am Bifilarmagnetometer anzustellen, das sich 
auf bciden Stationen durch hohe Empfindlichkeit auszelchnet, 
Der Werth eines Scalentheils betrug rund 0,00003 C. G. S. 

Die an sechs Tagen eingehaltenen Terminstunden ergaben 
das Resultat, dass an den beiden 360 km entfernten Orten eine 
grosse Anzahl kleiner, ziemlich lebhafter Schwingungen, die 
man als bloss lokaler Natur anzusehen geneigt war, gleichzeitig 
auftraten. 

Indem man die so erhaltenen Ablesungen in Curven dar- 
stellte, (i mm Abcisse = 5 sec, I cm Ordinate = I seal. = circa 
0,00003 C. G. S.') erkannte man, dass die grossere Anzahl von 

' W. Ellis, on the simultaneity of magnetic variations at different places 
on occasions of magnetic disturbance, and on the relation between magnetic and 
earth current phenomena. — Proc. Roy, Soc. V^ol. 52 1892. 

* Um eine bequeme und kurze Bezeichnung der gemessenen Kraft zu erhalten, 
diirfte es sich empfehlen die Einheit der 5. Decimale der electrischen Einheit mit einem 
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Wcllen auf beiden Stationen gemcinschaftlich vcrtretcn war ; der 
Vergleich der Zeitcn der Unikchrpunktc crgab folgendes Resultat 
(;/ = Zahl der gcmcinsamcn Unikchrpunktc, P = Potsdam^ 
IV -^ Wilhelmshaven): 

« DiffertHZ P—W. 

1S95, Marz 18, o''-7'' p.m., 112 - +1-5 sec. 

19. " •* 3 - - - - 3.3 

20. " ** n • - - 0.7 

21. " " 55 2.3 

22. " " 26 - 2.9 

23. " " 68 - . -0.9 

Um noch genaucrc Resultatc zu erzielen wurde verabredet^ 
die Zeitcn der Unikchrpunktc direct aufzuschreiben, allein der 
Erfolg war kein wesentlich giinstigcrcr. Es crgab sich aus 121 
Umkehrpunkten ciner Stundc die Diffcrenz P-W = — 0.5 sec.» 
wclche Grosse als inncrhalb der Bcobachtungsfehler liegend 
bezcichnct werdcn muss, da die Einzelwerthe ahnliche Diffe- 
renzen aufwiesen, wie bei dem erstcren Verfahrcn. Man hat bei 
dicser Methode, die zwar bis zur grossten Genauigkeit ausge- 
bildet werden kann, den Nachtheil, dass aus Mangel an einer 
Curvcndarstellung die Umkehrpunkte nicht imnier sicher identi- 
ficiert werdcn konnen. 

Es scheint nach alleni, dass man mit den beschriebenen 
Hiilfsmittcln auch die Gleichzeitigkcit nicht strenger als bis auf 
drei Secunden wird nachweisen konnen, so dass die oben gefun- 
denen Differenzen keinen sicheren Anspruch auf RcalitUt machen 
konnen, wie wir nachher noch genauer zeigen werdcn. Es ist 
dies auch nicht zu verwundern, wenn man bedenkt, dass manche 
Umkehrpunkte sich auf langcrc Zeitdauer, oft funfzehn bis 
zwanzig Secunden, erstrccken ; je scharfer die Umkehrpunkte^ 
desto zuverlassigcr stimmten dicselben abcr auch iiberein, so dass 
man vielleicht am bcsten thut, nur solchc Daten auszuwahlen^ 
wo die Magnctnadcl ein bis auf fiinf Secunden scharf zu bestim- 
mendes Maximum odcr Minimum besitzt. 

Man kann als das Ergcbniss der bishcrigen Beobachtungen 
feststellen, dass untcr den vielcn Zacken, wclche die Tagescurven 
der erdmagnctischen Kraft an den beiden Stationen aufweisen, 

Buchstaben zu bezeichnen, z. B. mit dem griechischcn 7, wobei man sich des Namens 
Gauss erinnern mag, also 0.0000 1 C. G. S. = 7, damit ist zugleich die Grenze gekenn-^ 
zeichnet, wie weit ungefahr die Ermittelung der erdmagnctischen Kraft sicher ist. 
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keine einer rein lokalen Ursache zuzuschreiben ist, sondern class 
sie wahrscheinlich in einem grossen Gebiet nahezu oder viel- 
leicht absolut gleichzeitig auftreten, und zwar bezieht sich dies 
sowohl auf die grossen Storungen, sowie auf ganz kleine Aende- 
rungen der Kraft, die nur etwa 3 y betragen. 

Bei der Wichtigkeit, welche diese Frage fiir die Entdeckung 
der Ursachen der Storungen besitzt, ob dieselben namlich kos- 
mischer Natur sind, wobei Gleichzeitigkeit fiir die ganze Erde 
stattfinden wiirde, oder ob dieselben durch electrische Strome in 
den h5heren Schichten der Atmosphare bedingt sind, die ver- 
muthlich nur eine geringere oder gr5ssere lokale Wirkung haben 
wiirden, schien es angezeigt, die Beobachtungen auf einige 
andere Stationen auszudehnen, ausserdem aber auch zu unter- 
suchen, von welchem Einfluss die Art des Instrumentes und der 
Beobachter ist. 

Es wurden zu dem Zwecke drei neue Terminstunden im 
Monat Juni letzten Jahres mit dem Observatorium zu Wilhelms- 
haven verabredet und das Marine-Observatorium in Washington 
gebeten, in der gleichen Weise zu beobachten. Die physikalisch- 
technische Reichsan&talt in Charlottenburg erklarte sich bereit, 
an einem der Termintage zu beobachten; auch die Betheiligung 
des Observatoriums in Gottingen wurde in Aussicht gestellt. 

In Potsdam selbst wurden zwei Instrumente zur Ablesung 
benutzt ; das eine war das friiher benutzte Bifilar (Edelmann'scher 
Construction), das andere war ein Unifilarmagnetometer, bei 
welchem ein an einem ziemlich starken Quarzfaden hangender 
magnetisirter Stahlspiegel durch Tordirung des Fadens senkrecht 
zum magnetischen Meridian gestellt wurde. Ein solcher Appa- 
rat — es wurde ein KohlrauscK sches Intensitatsvariometer von 
Hartmarui und Braun ohne die vier kleinen Deflectoren benutzt — 
gestattet auch bei sehr kurzem Scalenabstande [j^m) die Her- 
stellung einer hohen Empfindlichkeit. Wegen der kurzen 
Schwingungsdauer von circa drei Secunden des leichten Magnets 
und der vorziiglichen Beweglichkeit und guten Dampfung erschien 
es fiir den vorliegenden Zweck besonders geeignet, wenngleich 
seine Brauchbarkeit fiir langere Beobachtungsreihen hinsichtlich 
der Constanz der Null-Lage noch nicht erprobt ist. Die Schwing- 
ungsdauer beim andern Instrument (Bifilar) war circa fiinf bis 



60 J/. ESCHENHAGEN 



[Vol- I. No. aj 






sechs Secundcn, auch war cs schr jjut gedampft, so dass hier die 
Gelegcnhcit sich bot, zwei ganzlich verschicdene Instrumente zu 
vergleichcn. 

Bezcichncn wir das Bifilar mit Pi, das letztere Instrument 
mit Pii, fcrner das Charlottcnburger (ein Kohlrausch'sches 
Variometer mit vier Ablenkungsstabcn) mit C, das in Wilhelms- 
haven mit \V, so crgab sich folgendcs Resultat : 

1895, J""' *o, Pi-l*n — — 2.7 sec. aus 25 Umkehrpunkten. 

*• II, Pi-P„ = 0.0 " " 12.? 

*• 12, Pi-I»i, = + i.o *• " 124 

Ferncr: Juniii, P,- C = + 1.5 ** " 43 

Kndlich: Junill, Pi-W=— o.« ** "125 

" 12, I'l \V = - 5.2 " " 127 

In Potsdam warcn die beiden Bcobachter, amio. und 12. Juni, 
in glcicher Weise vcrtheilt, am 1 1. Juni warcn sic hingegen ver- 
tauscht, in Wilhclmshavcn, wo dcr Termin vom lo. Juni durch 
Annahcrung von eiscrncn Instrumcntcn unbrauchbar gewor- 
dcn ist, bcobachtetc stcts dcr glcichc Bcobachter, Herr 
Assistcnt E. Stuck, dcm ich hicrmit zu besonderem Danke 
vcrpflichtct bin. In Potsdam nahmcn an dicsen und den 
friihcrcn Tcrminen ausscr dem Vcrfasscr die Herren Dr. Arendt, 
Dr. Edlcr und Dr. Liidcling thcil. Die Zeichnung der Curven 
crgab wiedcrum zum Thcil recht gutc Uebcrcinstimmung, wie ja 
auch die grossc Zahl der Umkchrpunktc beweist, die fur den 
Zcitraum von einer Stunde ganz bctrachtlich sind. Die Resul- 
tate im Vercin mit den friihcrcn lasscn zwar im Mittel einen 
mcssbaren Unterschicd zwischcn Potsdam uiid Wilhelmshaven 
bestehen, doch erschcint cs, wcnn man die Differenzen zweier 
Instrumente an dcmsclbcn Ortc vcrglcicht, zweifelhaft^ ob der- 
sclbe recll ist. Das glcichc gilt fOr die Diffcrenz Potsdam — 
Charlottenburg, bci vvclchcr die geringe Zahl dcr Umkehrpunkte 
auffallt, da Charlottenburg eine etvvas glattere Curve trotz 
glcicher Empfindlichkcit zeigt. 

Ganz andcrs gcstaltetcn sich dagcgcn die Variationen in 
Washington. PVcilich war das dortige Instrument um mehr als 
das doppcltc uncmpfindlicher als die iibrigen, aber auch wenn 
man dies in Betracht zicht, so sind dort die Schwankungen ganz 
wesentlich geringcr und andcrs geartct als an den deutschen 
Stationcn. Zum Thcil mag dies wohl dem Umstande zuzu- 
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schreiben sein, dass man bei so entfernten Stationen nicht nur ein 
Element vergleichen darf, sondern mindestens beide horizontale 
Componenten heranziehen muss, immerhin aber ist es auf- 
fallend, dass dort gar nichts von den verhaltnismassig lebhaften, 
wenn auch kleinen Schwankungen der deutschen Stationen zu 
erkennen ist. 

Es bedarf dies Ergebniss einer mehrfachen Nachpriifung, wie 
insbesondere durch Ausdehnung auf zahlreichere Stationen. 
Es besteht daher die Absicht, derartige Stunden verscharfter 
Beobachtungen in regelmassigen Intervallen international vor- 
zuschlagen, in der Hoffnung, dass sich eine geniigende Anzahl 
von Beobachtern findet. Fiir Deutschland hates ein besonderes 
Interesse, an einer Anzahl von giinstig vertheilten Stellen dieses 
Landes die Beobachtungen durchzufiihren, da es fur eine etwaige 
detaillirte Landesaufnahme Bedeutung hat, die Art der geogra- 
phischen Verbreitung der Variationen zur Ableitung der 
Reductionselemente auf eine einheitliche Epoche zu gewinnen. 
Gelingt es, eine international Betheiligung an derartigen Beob- 
achtungen in ahnlicher Weise wie es vor 50 — 60 Jahren der Fall 
war, zu erreichen, so diirfte, abgesehen von den directen Resul- 
taten, ein Nutzen fiir die erdmagnetische Wissenschaft auch 
dadurch zu erzielen sein, dass ein gemeinsames Arbeiten sowie 
ein Austausch von Aufzeichnungen etc., was unbedingt noth- 
wendig ist, angebahnt wird.' 

* Vorstchcndes ist dcr wesentliche Inhalt eines vom Vcrfasscr auf der ** Vcr- 
sammlung deutscher Naturforscher und Aerzte '' zu Liibeck im September 1895 gehal- 
tenen Vortrages. Eine Anregung zur Anstellung der Simultanbeobachtungen ist 
inzwischen von dem Director des Kgl. Meteorologischen Instituts, Dr. von Bezold, 
durch Circulare an eine kleinere Anzahl Magnetischer Observatorien ausgegangen. 
Die Beobachtungstermine sind : 

Februar 27. 5-6 p.m. Mittl. Zeit Greenwich 

" 28. 6-7 " " " " 

Marz 12. 5-6 

" 13. 6-7 " " " " 

Es sollen moglichst Declination und Horizontal-Intensitat alle flinf Secunden 
abgelesen werden. Im Fall die Ergebnisse zur Fortsetzung ermuthigen, werden dem 
im September d. Y. in Paris zusammentretenden Congress der Directoren Meteoro- 
logischer Observatorien Vorschlage unterbreitet werden. 



THK SPXULAR VARIATION OF THP: DIRECTION OF 

A frep:lv suspended magnetic needle at 

CALLAO. VALPARAISO, SHANGHAI. HONGKONG, 
AND SYDNEY. 

By ( ;. \V. L I T T L K If A L K S, 

Washington, I). C. 

The object of this paper is part of a general purpose to col- 
lect and present from time to time the recorded observations of 
the magnetic declination and dip at stations in all parts of the 
world, with a view of amplifying the investigations that have 
already been made into this subject and thus preparing the way 
for throwing more light upon the question of the periodic nature 
of the secular variation of the magnetic needle. 

The collections of data relating to Callao, Valparaiso, Shang- 
hai, Hongkong, and Sydney arc here presented together with 
the results obtained by adapting formulas of interpolation to the 
observations. And the curves traced out bv the north end of 
the needle upon planes tangent to the sphere in latitudes corres- 
ponding to the mean values of the dip at the various stations are 
also given in accordance with the method employed by Dr. L. A. 
Bauer.' Attention is especial Iv invited to the new case presented 
at Sydney, where the needle has receded, since i860, over the 
path along which it passed prior to that year. 

Table I gives a comparison of the observed and computed 
values of declination and inclination ; and also the date, observer, 
and source of each observation used in the discussion. 

Table II gives the empirical expressions arrived at bv treat- 
ing the observations by the method of least s(juares. The col- 
umn Epoch gives the date of the first and last observation used 
in deducing the empirical equations. Tlic column r gives the 
probable error, in minutes, of a single observation. The column 

' In his lieilriiire zur A'ennfniss i/c's It'tSt'NS tirr Sjtuuir-l'ariation dis Erdmagnt' 
tiifUHSs Berlin, 1 895. 
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P gives the period which was assumed in the investigation where 
the form of the equation was not assumed to be parabolic. The 
weight assigned to the observations in each of the computations 
is unity, except in deriving the declination equation for Hong- 
kong in which case the weights are given in Table I. 

Table III gives the data for constructing the secular curve. 
D represents the declination, plus when the north end of the 
needle points west of true north and minus when it points east. 
I stands for the inclination, plus when the north end of the needle 
is below the horizon and minus when it is above. 

The curves are traced in each case upon a gnomonic projec- 
tion whose point of tangency has for its latitude, /^, the mean 
of the extreme values of the inclination during the epoch for 
which the curve is constructed, and for its longitude, D^, the 
mean of the extreme declinations. 

The sphere to which the planes of projection are tangent 
has a radius of twelve inches, this being one-half the length of 
the needle.' 

The projections upon which the curves are drawn were con- 
structed graphically according to the method shown on p. 70. 

Abbreviations Used in Designating Source of Observed Elements: 

Adventure, Voyages of the Adventure and Beagle, 1826-36, London, 1839. 

Annalen, '77, Annalen der Hydrographie, 1877. 

Annales, '76, Annales Hydrographiques, 1876. 

Annales, '84, " ** 2d series, 1884. 

Annales, x, '92, " " " ist vol., 1892. 

Annales, 2, '92, •' " " 2d vol., 1892. 

Annales, 2, '93, " " *' 2d vol., 1893. 

Archives, Manuscript deposited in the Archives of the Hydrographie Office, 
Washington, D. C, U. S. A. 

Becquerel, Hecquerel's Traits du Magnetisme, 1846. 

Hode, Bode's Astronomisches Jahrbuch, 1828. 

Brewster, Brewster's Treatise on Magnetism, Edinburgh, 1 837. 

Challenger, Report of Vogage of H. M. S. Challenger. 

Doberck, Observations and Researches at Hongkong, by W. Doberck ; pub- 
lished annually since 1885. 

* In the work cited, Bauer supposed the half length of the needle to be 20 cm. In 
his article in the Physical Revieu\ Vol. II., p. 455, and Vol. III., p. 34, his curves were 
reduced so that the half length of the needle would be six inches. Hence, my curves 
are on twice the scale employed in this latter paper. 
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Hanstecn, Hanstecn's Magnctismus der Erde, Christiania, i8iq. 

Hongkong, Observations and Researches at the Hongkong Observatory, 1 885 

(Appendix A). 
Hydrogr., log, Hydrographic Office (U. S. A.), publication No. 109. 
Petermann, Erganzungsheft No. 'JT^ zu Fetennann Mittheilungen, Band XVII., 

1884-5. 
Smithson., 239, Smithsonian Contributions to Knowledge, No. 239, 1873. 
Trans., I., 1875, Philosophical Transactions of the Royal Society, Part I, 1875. 
Trans., I., 1877, Philosophical Transactions of the Royal Society, Part I, 1877. 
Trans., II., 1877, Philosophical Transactions of the Royal Society, Part II, 1877. 
Zi-Ka-Wei, ** The Meteorological Elements of the Climate of Shanghai, 

Zi-Ka-Wei Observatory," 1885. 
Zi-Ka-Wei, '76, Report for 1876 of the Zi-Ka-Wei Observatory. 

Tablk I. 

COMPARISON OF OIJSKRVEI) AND COMPUTED ELEMENTS. 



Date 



1709.Q 
1802 
182^ 
1827 

1835 
1836 

1838 

1858 

1866 

1883 
1892 

1893 



1790 
1823 

1835 
1838 

1838 

1858 

1866 

1893 



Observer 



Source 



CALI.AO, PKKU. 



Lat. 12'' 04' S. Long. 77 08' W. of (ir. 



IiKCLINATlON. 

P*euill«5e Hansteen 

Bec<|ucrel. 

I Adventure 







I Trans., II., 1877. • • 



Friesach 



it 



I 



.• I 



F^nsg. Favereau, Fr. N.. Annalcs, '84 

Lt. \V. Conway, L*. S. X.| Archives * 

Lt. L. Mottez. Fr. N. .] .\rnales, 2, '93. . . 



INCLINATION. 



Don Malaspina 

Duperrev 

Fitz Rov 

Belcher 

La Venus 

F'riesach 

Harkness 

Lt. Mottez. FV. N . . . . 



Hodc 

Aiiventure . . 



— 12. 37 



Trans., II., 1877 



tt 



t« 
•t 
t« 



Annalcs, 2, '03. . . . ', — 



6 


.25 


— 6" 


•32 


9 


.83 


9 


.52 


9 


.50 


-10 


.21 


10 


.66 


—10 


.31 


10 


.60 


— 10 


.47 


10 


.40 


—10 


.49 


10 


.50 


— 10 


.51 


10 


.66 


— 10 


.60 


10 


.50 


— 10 


.53 


9 


.97 


--10 


.19 


10 


.00 


-- 9 


.91 


10 


.00 


— 9 


.87 



12°. 17 



s. 


55 


- 8 .34 




05 


7 .37 


6. 


23 


— 7 .16 


6. 


82 


— 7 16 


7. 


17 


— 6 .12 


6. 


47 


— 5 .86 


5- 


25 


- 5 .75 



+o°.o7 
—o .31 
+0 .71 

— o -35 
-0.13 
+0 .09 
+0 .01 
— .06 
+0 .03 
-f o .22 
.09 
-o .13 



— C.ao 
—0 .21 
+0 .32 
+0 93 
+0 .34 
— -I .05 
— o .61 
4-0 .50 



* Hydrographic information from U. S. S. Vorktown. 
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Table I. — Continued, 



Date 



1709 
1744 

1793 
1802 
1821 
1823 
1825 
1831 
1835 
1837 
1838 

1859 
1866 
1882.6 

1883.2 

1884 



1790 
1827 
1830 

1835 
1836 

1837 
1838 

1838 
1852 
1859 
1866 
1868 

1875.9 

1875.9 
1893.0 



* )bserver 



Source 



VALPARAISO, CHILE. 
Lat. 33' 02' S. Long. 71" 39' W. 



DECLINATION. 



Feuill^e 



B. Hall 

Morrell 

Beechcy 

King 

Laplace 

Bccchey 

La Venus 

Novara Expedition. . 

Harkness 

Lts. Barnadi^res and 

Barnaud, Fr. N . . 
Lts. Barnadi^res and 

Barnaud, Fr. N . . 
Lt. J. W. Carlin, 

U. S. N 



Trans., II., 1877 
Adventure 



Becquerel 



t« 



Trans., II., 1877 . . 



44 



44 



44 44 

44 44 

44 44 



44 



44 



44 



44 



Smithson., 239 

French Mag. Survey 

Annales, 1884 

Hydrogr., 109 



INCLINATION. 



Don Malaspina 

Lutke 

King 

Fitz Roy 

Beechey 

La V'enus 



44 



44 



Swed. Mag. Survey.. 
Novara Expedition . . 

Harkness 

H. M. S. Nassua. . . . 
Nares and Thompson 

44 44 

Lt. Mottez, F>. N. . . . 



Bode 

Trans., II., 1877 



44 
44 
44 
44 



44 

«4 

44 
44 
44 
44 



Annalen, '77 .... 
Trans., IL. 1877 . 



44 

44 



44 

• 4 



Challenger. . . . 
44 

Annales, 2, '93 



Observed 



9^50 
12 .50 



14 

14 
14 



.82 
.92 
•72 



•15 .68 
15 .87 



15 
15 



.00 
.30 



-15 .58 
— 15 .60 

—15 .67 

-15 .85 

-15 .43 
-15 .25 
—15 .68 



■44'.96 

-39 .10 

-40 .19 

-38 .05 

-37 .08 

■38 .33 

38 .72 

-38 .20 

-36 .80 

-35 .67 

■35 .38 

-34 .38 

-33 .79 

-32 .57 

-31 .83 



Computed 


O.C 


1 

1 
— 10 .24 


-7-o^74 


— II .98 


—0 .52 


-14 .38 


—0 .44 


— 14 .76 


— .16 


-15 .39 


+0 .67 


15 -44 


—0 .24 


15 .49 


—0 .38 


—15 .61 


+0 .61 


—15 .67 


+0 .37 


—15 .69 


+0 .11 


— 15 .69 


+0 .09 


15 .72 


+0 .05 


-15 .63 


— .22 


—15 .24 


— .19 


-15 .23 


— .02 


--15 .21 


—0 .47 


44 .76 


— 0\20 


39 .73 


+0 .63 


—39 .31 


—0 .88 


—38 .60 


-ho .55 


-38 .45 


-hi .37 


-38 .32 


— .01 


-38 .17 


-0 .55 


-38 .17 


—0 .03 


—36 .32 


—0 .48 


35 .40 


— .27 


—34 .56 


—0 .82 


—34 .33 


—0 .05 


33 .49 


—0 .30 


- 33 .49 


+0 .92 


32 .04 


+0 .21 
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[Voi^ I. No. a] 



Taijlp: I. Co/itifiuai. 



Date 



< )hscrvcr 



Source 



ObwTved 



1858 

1875 
1876 

1877 
1878 

1879 
1880 

1881 

1882 

188^ 

1884 



1843 
1858 

1872.3 

18733 

18755 
1876.5 

1877.5 
1878.5 

1879-5 
1880.5 

1881.5 

1882.5 

1883.5 

1884.5 
1890 



SHANGHAI, CHINA, 
Lat. 31 15' N. Long. 121 29 K. 

I )KCI.I NATION 



Novara Expedition 
Jesuit Missionarie.*;. 



• t 

(t 



Trans., I, 1875 
Zi-Ka-\Vei. . . 



•t 



Inci-ination. 

Sir E. Home Zi-Ka-Wei, '7b. 

Novara Expedition. 
Shadwell 



«< 



Trans., I, '75. 
7/ ■ 

«4 it tt 



Jesuit Missionaries... Zi-Ka-VVei 



4( 
(4 
44 
44 
*4 
44 
44 
44 



44 
44 
«4 
44 
44 
4* 
44 
44 



<4 
44 

4* 
44 
44 
4l 
44 
44 
44 
44 



+ 1.83 
+ 1 .98 

+2 .02 
— 2 .02 
+2 .00 
4-2 .02 
-r-2 .03 
-f 2 .05 

4-2 .09 

+2 .08 

4-2 .13 



44.75 

45-35 
46.24 

46.32 

46.26 

46.23 

46.23 

46.22 

46.25 

46.27 

46.28 

46.30 

46.32 

46.32 

46.19 



Computed 



4-l\92 
-f-2 .00 
4-2 .01 
+2 .02 
-2 .02 

4-2 .03 

-1-2 .04 

4-2 .05 

i-2 .06 

4-2 .07 
4-2 .08 



44.72 
45.70 
46.17 

46.20 

46.23 
46.23 
46.25 
46.25 
46.27 
46.27 

46.26 

46.27 

46.26 

46.25 
46.19 



o.-c. 



— o .09 

— o .02 

- O .01 

o .00 

— O .02 

— o .01 
— o .01 

o .00 

-r O .03 

4-0 .01 

o .05 



- 0.05 

-0.35 

4 0.07 
~ 0.12 
-fO.03 

0.00 
-0.02 
— 0.03 
— 0.02 

0.00 
-f-0.02 
4-0.03 
4-0.06 
4-0.07 

0.00 
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Table I, Continued. 



Date 



I7»0 
1792 
1824 
1827 
1830 

1837 

1843 

185s 

1875 
1876 

1884 

1885.S 

1887.5 



179I 
1827 

1837 
184I.I 

1843 

1843.8 

1851 

1858 

1858.I 

1872.3 

1873-3 

18743 

1875 

1875 

1875.7 
1884.5 

1885.5 

1886.5 

1887.5 

1888.5 

1889.5 

1890.2 

189I.3 

189I.8 

1892.5 

1893.5 
1894.5 



Observer 



Source 



HONGKONG, CHINA 

Lat. 22** 16' N. Long. 114' 10' E. 

Declination.* 



Cook 



Bougainville. 
Bccchey . . . . 
Laplace . . . . 
Darandeau .. 

Belcher 

Richards. ... 



Doberck 



Hansteen 

Brewster 

Becquerel 

Trans., L, 1875 

(< 4< «* 

«t << tt 

«« «( »t 

Hongkong 



it 



Annates, '76 
Hongkong . . 



Doberck 



Inclination 



Don Malaspina .... 

Beechey 

Darandeau 

Observatory 

Belcher 

Observatory 

Collinson 

Novara Expedition. 

Observatory 

Shadwell 






Nares & Thompson. . 

Fritsche 

Observatory 



« 
it 



Lieut. deRoujon,Kr. N. 

Observatory 

Lieut.DHMahan.USN 

Observatory 



Bode 

Trans., I., 1875 



(« 



Hongkong. . . . 
Trans., L, 1875 

Hongkong 

Trans., L, 1875 



«< 



Hongkong. 

Trans., L, 1877 



« 



44 



4< 



44 



Challenger, 



44 



Petermann. 
Doberck . . 



44 



• 4 



44 



44 



44 



Annales, 
Doberck . 
Archives , 
Doberck . 



92 



44 



Observed 



-i 0.50 

— I .28 

— I .70 
— 2 .00 
-I .58 

— I .08 

— o .62 
—0 .50 

—0 .93 
— o .60 
— o .77 

— o .75 
—0 .70 



27.92 

29.97 

30.53 
30.05 

30.05 

30.83 

29.67 

31.13 
31.10 

32.30 

32.33 
32.29 

32.34 
32.30 
31.95 
32.45 
32.44 
32.43 
32.37 

32.35 
32.28 

32.17 
32.40 

32.08 

32.05 

31.95 
31.88 



Computed 



-o^48 

-0 .70 
-I .06 

I .08 
-I .08 

-I .09 

I .08 
-I .03 

-0 .80 

o .79 

-0 .65 

-o .62 

-0 .59 



26.99 
29.89 

30.18 

30.44 
30.58 
30.59 
30.99 
31.34 
31.35 
3L9I 
31.91 
31.98 

32.00 
32.00 
32.02 

32.23 

32.26 

32.27 
32.29 

32.31 
32.32 
32.34 
32.35 
3235 
32.36 
32.37 
32.38 



o.-c. 



—0.98 
—0.58 

— 0.64 
— 0.92 
—0.50 
-f-o.oi 
-fo.46 

-i-0.53 
—0.13 

fo.19 

— 0.12 

—0.13 

— O.II 



-^o^93 
-ho .08 

-f-0 .35 
— o .39 

— o .53 
-i .24 

—I .32 

— o .21 

— .25 

-f .39 

+0 .42 

^ o .31 

-1-0 .34 

-^o .30 

— o .07 

-1 .22 

-o .18 
-f-0 .16 
-^o .08 
+0 .04 
— o .04 
— o .17 
+0 .05 
— o .27 

— o .31 
— .42 
— .50 



' The weights assigned to the observed quantities were as follows : one-fourth to 
the first, second and fourth observations, one-half to the second, fifth and sixth, and 
unity to the remainder. 
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SVONEY. AUSTRALIA, 
l.«l. 33 52 S. Long. ,5.' 12' 



11148.5 
1851.5 



















BrewEle 




-8°.70 C»pl. KinB,iBi7.7.-| 


-8 .93 


l-Veycinet, iNli} 




BrewBler. 1S23 


-8 .80 


KumkernndSirT. 




Bmbane, 1823.... 




BrewBler, 1824 


-9 -85 


Krebus. 1S41 


— 9 -qs 


Sir]. C. Kos«. 1841.. 






-Io^o8 


Katllei'nake. 1848.. 




1849" 


- -9'-73 


Admiral King. 1S51 


-9 .80 


■■ .852 



\ —9 .63 Kusieil, (870., 



Don Mnlaspinu 

Du|)eiTev 

(—62 ■.88 Bethans. 1831 

)—bi .85 Dunlop. 1831 

(—63.82 Kill Koy. 1B36.... 
1 — 62'.8o AnooyniDaB. 1837.. 
(—62.85 Wickfirim, 1838.... 
f— 6a=.98 IL M.S. Terror. -41 
! — 62'.8o " Erebus, " 




ObMrnd GOinpulcd O.-C'. 



I a... 



- 8\oo 

- 8 .50 

- 8 .77 
-8.85 

- 8 .87 

- 8 .7S 


- 8 -35 

-\f. 

- 9 -98 

- 9 .22 


- 8 .83 


- 9 -32 


- 9 .90 


- 9 .63 


- 9 -4^ 


- 9 -63 


—10 .12 

- 9 .76 


- 9 -68 

- 9 -70 


- 9 ^82 

- 9 -73 


- 9 -7.t 

— 9 -72 

— 9 .73 


- 1 .57 


- 9 ■70 


- 9 .52 


- 9 .67 


-9 -SK 


— 9-60 


—60 .0: 

-62 .31 


-60 .03 

—62 .17 


—6a .86 

-62 .82 


-63 .47 
—61 .69 


—63 .84 


-62 .80 


-61 .63 


—62 .87 


—bl .73 
-62 .73 

-6» .68 
-63 .76 


—62 ,95 
-62 .99 

-63 .64 
—62 .91 

—62 .42 



of CoTernmeDt ObmvKtory at Sydney, dated 186a. 
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72 COMPARISON OF MAGNETIC INSTRUMENTS [Vol. I. No. 2] 

[Interim Report of the B. A. A. S. Committee, consisting of Professor A. 
W. Riicker (Chairman), Mr. W. Watson (Secretary), Professor A. Schuster, 
and Professor H. H. Turner, appointed to confer with the Astronomer Royal 
and the Superintendents of other Observatories with reference to the Compari- 
son of Magnetic Standards with a view of carrying out such Comparison. Pre- 
sented at the Ipswich meeting, 1895.]' 

Professor ROcker and Mr. Watson have carefully compared 
three Kew-pattern magnetometers in order to investigate the 
causes of the discrepancies between the measurements of decli- 
nation made with them. They find that if the greatest care be 
taken in the manufacture of the wooden box and the metallic 
adjuncts which are close to the magnet the discrepancies dis- 
appear. 

In other words, the cause of the difficulty, in these three 
instruments at all events, is, not the metal base, but the much 
smaller masses of metal which are nearer to the magnet. 

The three magnetometers are now in good accord. 

A week has been spent at each of four observatories for the 
purpose of comparing one of these magnetometers and a dip- 
circle with the observatory instruments. Professor Riicker made 
the observations at Kew and Falmouth ; Mr. Watson, those at 
Stonyhurst and Valentia. 

The greater part of the work which the Committee undertook 
has thus been accomplished. 

It is still necessary to compare the instruments again with the 
instruments at Kew to ascertain that they are unaltered by trans- 
fer from one place to another; and as a new magnet-house is 
about to be built at Greenwich, it has been thought better to 
postpone the comparisons at that Observatory until the house is 
ready for use. 

The reductions of the observations which have been made 
are not yet finished. A full report will be made when the work 
is completed. 

The Committee therefore ask to be reappointed, but no 
further grant is required. 

' Owing to incomplete information at hand, the brief account of this report given 
on p. 48 in the first number of this Journal contained some inaccuracies. Having 
received in the meantime from the secretary the printed report, we are glad to be able 
to reprint it entire. — Ed. 



LOGARITHMEN DER KUGELFUNCTIONEN DER ERSTEN 

fOnf ordnungen von FUNF ZU FUNF GRAD. 

Von Dr. Ad. Schmidt (got ha). 

In DER von mir im ersten Hefte dieser Zeitschrift mitgeteilten 
Untersuchung habe ich (S. 20) anstatt der gewohnlich benutzten 
Kugelfunctioncn gewisse Vieifache davon angewendet, die ich 
R^ nannte und durch die Gleichungen 



^"(u)= 1.3.5. • • • (2W l)^/€«, 7 V-— ^- — 

■' ^ ^ ^ ^ \ '" {ft — m) ! (// + m) ! 



^: (ft) 



4 



(fi + m) I 

m //- P„ (fi) 
mit 7'7(ft) = (i— ft2)^ — ^^— > /^ = cosw, €„= i, €. = €, --..,= 2 

defiiiierte. 

Die Vereinfachung, die bei der dort behandelten Aufgabe die 
analytische Entwickelung dadurch erfuhr (wobei iibrigens der 
Factor {2/1 -\- 1) ohne Bedeutung war), hatte nicht hingereicht, 
die Abweichung von den iiblichen Bezeichnungsweisen zu recht- 
fertigen. Was mich bereits an einer anderen Stelle zur Einfiih- 
rung der Functionen R^ vcranlasste und was mich ihre allgemeine 
Verwendung hier befiirworten lasst, ist der Vorteil, den sie in 
numerischen Entwickelungen gewahren. 

Die einzelnen Functionen /\''„ und 7^« sind von merklich ver- 
schiedener Grossenordnung ; so sind die Maximalwerte von Pi, 
PI PI PI Pi gleich I, 0.275, I, 0.082, I, diejenigen von T^ T\, 
T\, T\, T\ gleich i, 2.06, 15, 3.23, 945. Die einzelnen Glieder 
einer nach diesen Functionen entwickelten Reihe sind daher 
bei gleicher Grosse ihrer Coefficienten von sehr verschiedener 
Bedeutung, was schon in diesem einfachsten Falle und noch 
mehr bei beliebigen Coefficientenwerten den Ueberblick iiber 
ihren Einfluss auf die dargestellte Grosse sehr erschwert und 
auch die Berechnung in manchen Bcziehungen unbcquem macht. 
Die Functionen R^ sind dagegen so gewahlt, dass der auf die 

73 
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ganzeKugelflache bezogene quadratische Mittclwertvon^^coswX 
und ^,; sin m\ (hier mit Ausschluss des Falles m = o) bei alien 
derselbe (und zwar gleich i ) ist. Auch ihre Maximalwerte sind 
daher nicht sehr verschieden, z. B. 1.73 bei R^ und R[, 3.32 bei 
^l» 2.33 bei Rl. In einer nach den R^ fortschreitenden Reihe 
ist demnach die Bedeutung jedes Reihengliedes dem absoluten 
Werte seines Coefficienten proportional, ein Umstand mit dem 
noch manche (zum Teil auch in der Eingangs erwahnten Unter- 
suchung hervortretende) Vorteile fiir die Durchfuhrung der 
Zahlenrechnung verkniipft sind. 

Um nun die Benutzung dieser Functionen zu erleichtern, 
gebe ich auf den folgenden Seiten eine kleine Tafel ihrer Loga- 
rithmen, die trotz ihrer weitgehenden Beschrankung fiir die 
meisten Zwecke, besonders fiir die Auswertung gegebener 
Reihen/ausreichen diirfte. Eine Erweiterung und Vervollstan- 
digung der Tafel, insbesondere zur Erleichterung der Berech- 
nung der Reihencoefficienten, behalte ich mir fiir spater vor. 

Es ist nicht meine Ansicht, dass man die Functionen R^ auch 
in den analytischen Entwickelungen stets gebrauchen soUe ; in 
manchen Fallen wird es zweckmassig sein, diese in der bisher 
iiblichen Form durchzufiihren und die R,*^ erst in die Schluss- 
ergebnisse einzusetzen. Um diese Umformung moglichst bequeni 
zu gestalten, habe ich der Tafel die Logarithmen der Quotienten 
der verschiedenen Functionen hinzugefiigt. Es ist dabei 

pn _« /?« 7^ -r" /?" 

gesetzt worden. Dazu ist noch zu bemerken, dass fiir « = o, 
/« = o alle drei Functionen iibereinstimmend gleich i sind. 

Zur Berechnung der mitgeteilten Zahlen dienten siebenstel- 
lige Logarithmen, die in einigen Fallen bei der Abrundung auf 
fiinf Dezimalen eine Unsicherheit in der letzten Stelle bestehen 
liessen. Als moglicher Fehler der Zahlen ist daher nicht eine 
halbe, sondern eine ganze Einheit dieser Stelle anzusehen. 
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ON THE EXISTENCE OF VERTICAL EARTH-AIR ELEC- 
TRIC CURRENTS IN THE UNITED KINGDOM.' 

By A. W. RucKER, iM.A., F.R.S. 

In a paper by Dr. Adolph Schmidt, read before Section A of 
the British Association at Oxford {^Report Brit, Assoc, y 1894, p. 
570), the author stated that he had expanded the components of 
the Earth's magnetic force in series, and had deduced expres- 
sions, two of which give the magnetic potential on the surface 
of the Earth in so far as it depends on (i) internal, and (2) 
external forces. **The third series represents that part of the 
magnetic forces which cannot be expressed in terms of a poten- 
tial, but must be due to electric currents traversing the Earth's 
surface." The author concludes that such currents amount on 
the average to about o. i ampere per square kilometer. 

It appeared therefore desirable that this conclusion, drawn 
from the magnetic state of the Earth as a whole, should be tested 
by means of those portions which have been most fully studied. 

The test to be applied is, whether the line-integral of the 
magnetic force taken round a reentrant circuit on the surface of 
the Earth is or is not a vanishing quantity. 

The irregular form of the United Kingdom makes the appli- 
cation of this test more difficult than it would otherwise be ; but 
as two detailed surveys of Great Britain and Ireland have been 
carried out by Dr. Thorpe and myself for the epochs 1886 and 
1 89 1 respectively, the data at our disposal are so numerous that 
I thought it worth while to undertake the inquiry. 

The actual work of calculation has been carried out almost 
entirely by two of my students, Messrs. Kay and Whalley. My 
best thanks are due to them for the care and skill they have dis- 
played. 

The facts on which the investigation is based are as follows : 

'From the Philosophical Magazine for February 1896. Read before the Physical 
Society, Deceml^er 13, 1895. 
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The first survey (1886) included 205 stations, at all of which 
observations were made by Dr. Thorpe or myself. 

The true, and therefore irregular, isomagnetic curves were 
drawn for the epoch January i, 1886, and the terrestrial curves, 
from which the local disturbances were eliminated, were also 
calculated for the same date (/%//. Trans, Vol. CLXXXI, A, 
1890). 

The second survey included observations at 677 stations. 
These were made by ourselves, or, under our superintendence, 
by Messrs. Briscoe, Gray, and Watson. The results are about 
to be published by the Royal Society. The terrestrial isomag- 
netic curves were drawn for the epoch of January i, 189 1. The 
secular change having been carefully determined by special 
observations and methods, the values of the elements and the 
terrestrial curves obtained for the earlier date were reduced to 
January i, 1 891. Thus the whole of the 882 stations were avail- 
able for drawing the true isomagnetics for the latter date. The 
two sets of terrestrial curves obtained from the second survey 
and from the first survey reduced to the second epoch did not 
agree exactly, and the lines bisecting the intervals, between 
them were taken as our final result for the terrestrial curves in 
1891. 

The following sets of curves will be considered in this paper : 

(.1) The terrestrial isomagnetics obtained in the first survey 
for January I, 1886. These will be referred to as the 1886 curves, 

(2) The same curves reduced by the secular change to Janu- 
ary I, 1 89 1. These will be called the first survey 189 1 curves, 

(3) The terrestrial curves for 1 891 deduced from the second 
survey. These will be called the secotid survey 1 891 curves, 

(4) The mean terrestrial curves for January i, 1891, deduced 
from (2) and (3). These will be called the mean 1891 curves. 

(5) Lastly, the true isomagnetic curves deduced from the 
results at all the 882 stations for the epoch January I, 189 1. 
These will be called the true 189 1 curves. 

(l) THE 1886 CURVES. 

The advantage of using the calculated terrestrial curves is that 
they can be carried across the sea from England to Ireland, or 
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extended a few miles from the coast by extrapolation. The 
area included can therefore be made as large as possible. On 
the other hand, the method of obtaining these curves is such that 
the errors in their positions will probably be greatest near the 
boundaries of the land area over which the survey was carried. 
In order therefore that such errors might affect different calcu- 
lations as differently as possible, it was determined to take two 
circuits, which should have their greatest extensions north and 
south, and east and west respectively. They will be called the 
a and /8 circuits. 

The a circuit was bounded by long. 2^ W., lat. 58° N., long 
f W. and lat. 52^ N. 

The /8 circuit was bounded by long. 1° W., lat. 55° N., long. 
9^ W. and lat. 52^ N. 

In the published account of the 1886 survey {Jtoc. cit, p. 322) 
the values of the declination (8) and horizontal force (//) are 
given for all points within the United Kingdom defined by the 
intersection of whole degrees of latitude and longitude. From 
these the northerly components of the force (^H cos 8) were 
calculated for all such points on the lines of latitude, and the 
westerly components (//^sinS) for all such points on the lines 
of longitude which bounded the circuits. 

The method of calculating the line-integral of the force may 
best be shown by an example, for which we may select long. 2° 
W. between lat. 52° and 58°. 

Let Cbe the number of cm. in a degree of latitude, and N the 
northerly component of the force. Assume that N=N^-[- aV + x, 
where ^x is a constant, /'=/ — 52, and ;r is a small variable. 

Let W be the work done as the unit pole moves due north 
from lat. 52° to lat. 58°. 

Then lV=Cy^ Ndi=C | N,,x6+ i^a +^'^xdr \ . 

The value of a was found from the values of the northerly 
components at the points on latitudes 52** and 58° respectively. 
The integral was calculated by quadrature, graphic methods 
being employed. 

To give an idea of the relative magnitudes of the terms, I 
append the following data : 
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6 N^ -\- \Za-\- I xdV = 1.00896 — 0.06864 — 0.00152 = 0.93880. 

The constant C was taken =111 19320 cm., so that the work 
done in this part of the circuit is i. 04387 X lO^ ergs. 

Treating the other parts of the circuit in the same way, the 
four quantities, the algebraical sum of which is the work done in 
completing the circuit, are : 

(1.04388+0. 1 7082 — 1.00637 — 0.20902) X 10^= — 6.9 X lO^ergs. 

Dividing by 4ir, we find that the total current within the cir- 
cuit is — 550C.G.S. units, and, since the area is 2.13 X 10^ square 
kilometers, this amounts to — 0.026 ampere per square kilome- 
ter. The negative sign indicates that the current flows down- 
wards. 

A similar calculation carried out with respect to the P circuit 
of which the greatest extension is east and west and the area is 
1.77 X 10^ square kilometers, indicates a current of only — 0.004 
ampere per square kilometer. 

(2) THE FIRST SURVEY 1 89 1 CURVES. 

When the 1886 curves are reduced to the epoch January i^ 
1891, by methods which are fully described in the account of 
the later survey, the results obtained from the a and P circuits 
are — 0.045 and — 0.030 ampere per square kilometer respec- 
tively. It would at first sight appear as though the fact that 
these values are larger than those calculated for January i, 1886, 
might be due to errors introduced by the assumed values of the 
secular change ; but, as will immediately be seen, they are not 
larger than those obtained by another method, which this cause 
of error does not affect. 

(3) THE SECOND SURVEY I 89 I CURVES. 

Treated in exactly the same way as the last, these give val- 
ues of about the same magnitude but of opposite signs ; viz., for 
the a circuit + 0.046, and for the /8 circuit + 0.020 ampere per 
square kilometer. Thus two different methods of calculating the 
same quantity lead to very different results, which point to the 
conclusion that the apparent effects of the hypothetical Currents 
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are due to small errors in the determination of the exact posi- 
tions of the lines. 

In the final calculation of the results of our survey, we have 
taken the means of the positions of these two sets of lines as the 
isomagnetic lines for 1891, hence the mean values of the currents 
deduced from them by the 

(4) MEAN I 89 I CURVES 

are + 0.001 and — 0.005 ampere per square kilometer for the 
a and P circuits respectively. 

(5) THE TRUE 1 89 1 CURVES. 

We have further checked the above results by means of the 
true curves, taking two circuits — one (y) in England and Scot- 
land, and the other (8) in Ireland. 

The first of these was as follows : 

Long. 1° E. from lat. 51° to lat. 53". Lat. 53' from long, i" E. to i" W. 

Long. I" W. from lat. 53" to 55\ Lat. 55* from long, r W. to 3'' W. 

Long. 3" W. from lat. 55" to 53 . Lat. 53" from long. 3' W. to 4^ W. 

Long. 4** W. from lat. 53" to 51. Lai. 51° from long. 4" W. to i' E. 

The area is 1.054 X'lO^ square kilometers. The values of 
the horizontal force and declination for every 10' of latitude or 
longitude were read off from the maps on which the values at 
the different stations were entered, and the true isomagnetics 
drawn. This operation was performed by Messrs. Kay and 
Whalley and checked by myself. The northerly or westerly 
component of the force was then calculated for each of these 
points, and the average value for each short section was assumed 
to be equal to the mean of the values at its initial and final 
points. 

No difficulty arose except at a point in Wales, where the 
curves are closed, and where it was therefore necessary to assume 
an average value for a section of the line on which a maximum 
occurred. 

The result of the calculation gave a current of — 0.008 ampere 
per square kilometer. 

The second circuit was taken in Ireland. It traversed the 
district of Antrim, in which there are violent local disturbances, 
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and is interesting chiefly as showing to what extent the result 
may be affected by such causes. 
The circuit was as follows : 

Long. 6^ 30' W. from lat. 52 to lat. 55*. 

Lat. 55^ from long. 6' 30' to long. 8", 

Long. 8' from lat. 55^ to 54-. 

Lat. 54" from long. 8" to 9"". 

Long. 9' from lat. 54* to lat. 52". 

Lat. 52'' from long. 9"^ to long. 6'' 30' W. 

The area is 48 X IQ^ square kilometers. 

The current is — 0.046 ampere per square kilometer. 

The fact that these different circuits, including areas of very 
different magnitudes and situated in different parts of the United 
Kingdom, all give very small values for the hypothetical currents, 
is strong evidence that the smallness of the calculated numbers is 
not due to the fact that large positive and negative values mutu- 
ally cancel each other. It is, for instance, conceivable that the 
directions of the current-flow might be opposed on what may be 
called the oceanic and continental sides of the kingdom. 

If this were so, it is probable that circuits y and 8 would have 
given results of opposite signs. By way of testing the matter 
further, the current was calculated both from the 1886 and the 
1 89 1 lines for the relatively small area in the west of Ireland 
bounded by latitudes 52° and 53°, and longitudes 9° and 10°. 

The results were : 

For 1886, — 0.04 ampere per square kilometer. 
For 1 89 1, +0.1 1 ampere per square kilometer. 

Hence the difference of direction which characterized the 
currents deduced from the two surveys when applied to large 
areas, also distinguishes, and in an exaggerated degree, the 
results obtained from a small border district. It is therefore 
evident that either the distribution of the vertical currents has 
entirely altered in five years, or they are too small to be detected 
by the method employed. 

The former of these hypotheses is negatived by the fact that 
different calculations, based on the first and second survey 1891 
curves respectively, lead to discordant results for the same date. 
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and we are therefore compelled to fall back upon the second 
alternative. 

EFFECT OF THE ELLIPTICITY OF THE EARTH. 

The question may fairly be raised whether, in dealing with 
such minute quantities, the ellipticity of the earth ought not to 
be taken into account. 

In answer to this, it may be stated that the work done when 
the unit pole traverses the a circuit was also calculated, using 
the data as to the form of the Earth given by Captain Clarke and 
quoted by Professor Everett (C(7.5. System of Units, ed. 1891, p. 
71). The numerical values thus obtained differed from those 
given above, but the differences between them were of the same 
order. Both methods of calculation lead to opposite conclusions 
as to the directions of the hypothetical currents according as the 
1886 or 1891 curves are used; thus proving that the small out- 
standing uncertainties as to the magnetic state of the United 
Kingdom are the cause of the discrepancies, which arc not 
reduced by using a closer approximation to the form of the 
Earth. 

CONCLUSION. 

I can only conclude from these various figures that the local 
magnetic surveys furnish no evidence of vertical electrical cur- 
rents in the United Kingdom. The largest number obtained 
from the larger circuits is less than half that which Dr. Schmidt 
assigns as the mean value for the whole Earth. Different calcu- 
lations lead to results of different signs for the same quantity ; 
and the data which would a priori be accepted as the best give 
the smallest values. 

As far as the terrestrial curves are concerned, the final results 
for the two surveys are embodied in the 1886 and the mean 1891 
curves respectively. The local irregularities in the north of. 
Ireland are so great that the calculations based on the true iso- 
magnetics in that country may be neglected as compared with 
the probably much better results obtained in Great Britain. 

Selecting, then, only the most trustv/orthy values, the results 
may be summed up as follows in terms of amperes per square 
kilometer: 
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Circuit 
0/37 

i?86 — 0.026 — 0.004 

1 89 1 +0.001 —0.005 

189I — 0.008 

From these figures we may conclude that there is not in the 
United Kingdom a vertical current amounting on the average to 
0.1 ampere per square kilometer. They are not inconsistent with 
the existence of a current of about a tenth or a twentieth of that 
amount ; but on account both of the smallness of the results and 
of the discrepancy between the values obtained for 1891 by two 
methods, we cannot assert that such a current actually exists. 
The calculations taken by themselves do not disprove the 
hypothesis that electric currents traverse the Earth's surface, as 
we cannot argue from the condition of a small portion of the 
globe to that of the whole. The most that can be said is that 
no evidence in favor of the existence of vertical currents can be 
drawn from one district, which has been very minutely surveyed. 

P. S. — No reference to Dr. Schmidt's original paper was 
given in the short notice published in the report of the British 
Association. I had therefore supposed that the latter was a pre- 
liminary note. Professor Schuster has, however, recently shown 
to me Dr. Schmidt's complete investigation, and he has kindly 
calculated the current-density at latitudes 50^ and 55^ on the 
prime meridian from formulae given by Dr. Schmidt. The result 
is upward currents and 0.20 to 0.15 ampere per square kilometer 
at latitudes 50^ and 55^ respectively.. The mean of these two 
numbers, viz., 0.175, is nearly equal to Schmidt's mean for the 
whole Earth (0.17). It is opposite in direction to and very 
much greater in magnitude than any vertical current the exist- 
ence of which is compatible with the results of the Magnetic 
Survev. 
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MAGNETIC DECLINATIONS OBSERVED NEAR THE SPITZ- 
BERGEN ISLANDS IN 1894— A Report/ 

During the summer of 1894, while acting as astronomer for the 
VVellman Polar Expedition, I succeeded in making a few observations 
to determine the declination of the magnetic needle in the region of 
the Spitzbergen Islands, the results of which, I enclose herewith for 
use in any way you may wish, and hoping they will be of some little 
value to anyone interested in the subject. 

Magnetic Declinations near the Spitzbergen Islands. 



No. 

of 

Sta. 


Date, 
Civil 


Hour 
\jfX3\ M. T. 

h m 


Latitude 
North 


Longitude 

from^ 
Greenwich 


Declination 


I 


Mav 10 


6 


00 p.m. 


79^ 


40' 


10" 35' 


E. 


17^ 28' W. 


2 


May 18 


7 


30 p.m. 


80 


38 


19 42 


E. 


9 38 W. 


3 


June 8 


II 


00 a.m. 


80 


32 


23 10 


E. 


5 35 W. 


4 


June 19 


II 


30 a.m. 


80 


26.1 


23 18 


E. 


5 17 W. 


4 


June 19 


I 


15 p.m. 


80 


26.1 


23 18 


E. 


5 54 W. 


5 


June 24 


9 


00 a.m. 


80 


25.7 


24 16 


E. 


4 49 W. 


5 


June 24 


I 


30 p.m. 


80 


25.7 


24 16 


E. 


5 33 W. 



Description of Stations. 

1. The instrument was mounted on the rocks just east of the house 
belonging to Mr. Pike on Dane's Island, one of the small islands on 
the northwest side of the Spitzbergen group. 

2. Instrument was set on the ice near the north point of Walden 
Island, not more than 1 50 feet from the rocks of the island. Walden 
Island is the most southwestern of the Seven Islands, the group just 
north of Spitzbergen Islands. 

3. Instrument was mounted on the ice about a half a mile north of 
Cape Platen. 

4. This station was located on the first prominent point east of 
Cape Platen and distant about four miles therefrom. 

5. This station was on the extreme north point of the Inner Rep 
Island, Outer Rep being about two miles to the northward. 

'Thi.s report was made at my request for communication to the Journal — C. A. 
Schott, U. S. Coast and Geodetic Survey. 

8s 
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Instruments Used. 

For the determination of the latitude, local time and azimuth a small 
four-inch, Casella theodolite was used. It was mounted on a tripod and 
fairly stable and steady. Both the circles were graduated to half 
degrees and read by two verniers to minutes. 

For the determination of the declimition of the magnetic needle, a 
compass declinometer was used being mounted on the tripod, in place 
of the theodolite, for the purpose. This compass declinometer is 
somewhat similar to a prismatic compass having a graduated circle 
about five inches in diameter reading by two pointers to minutes. A 
reversible needle about three inches long is enclosed in a glass covered 
box. The prism for pointing on the needle end, the vertical thread 
for pointing on a distant mark, and the pointers for reading the circle 
are all attached to a movable plate for use in any direction. 

Difference in longitude was obtained by means of several watches 
carried by different members of the expedition. Only two however 
were utilized in the computations, as they showed rates very similar; 
during the four months between comparisons with Greenwich time, 
one lost about twenty seconds, the other forty seconds. 

Character of the Observations. 

All observations for position were made on the Sun*s center, the 
diaphragm of the telescope having a square cut on it so that the corners 
just touched the circumference of the Sun. The usual method of pro- 
ceeding was to take readings on a mark with telescope, both direct and 
reversed, and then two pointings on the Sun noting the time and reading 
both circles each time, then reverse telescope and take two more pointings 
and readings thus making a "set." This was followed immediately by 
another set, then the theodolite was dismounted and compass declinome- 
ter put in its place. A set of observations for declination consisted in 
two pointings on the mark reading both pointers, then two pointings 
on each end of the needle reading both pointers ; then after removing 
top of box, inverting needle, and replacing top so that circle is reversed 
repeating the observations already made. 

At stations one and two the determination of the latitude is very 
weak as the Sun was very near the prime vertical. At Dane's Island 
only one set was observed and hence the latitude may be in error 8' or 
10'. Longitude and azimuth are very fair however. 

At stations four and five the latitudes were obtained from circum- 
meridian altitudes and are very good, seven determinations at No. 4 
having a range of only i' and six at No. 5, only o'.8 range. The two 
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results for azimuth at each of these stations differ by only a half 
minute, the longitudes being correspondingly good. 

The observations for declination were made at irregular periods of 
the day. As no observations were made to determine the diurnal 
range they could not be reduced to mean of day. It was the intention 
of the observer to make a complete set of observations hourly during 
the whole twenty-four hours on several days but numerous other duties 
prevented. Owen B. French, 

_ _ Aid, U. S Coast and Geodetic Survey. 

Washington, D. C, 

Nov. 29, 1895. 



OLD MAGNETIC DECLINATIONS. 

Mr. Schott writes : " I have before me a work which contains a collection 
of magnetic declinations in parts of Europe, America, Asia and Islands, pub- 
lished originally at Amsterdam in 1599. The title of the book is 'Clavdii 
Aeliani Tactica sive etc.* Lugdvni Hatavorum Apud Ludovicum Elzevirium, 
anno CIDIDCXIII [16 13]. This is a treatise on ancient warfare. Our 
special interest centers in the second part of the book with the sub-title : 
*AIMENETPETIKH sive Portunus investigandorvm ratio;* by Hugo Grotius 
(de Groot). In the table latitudes and longitudes are given along with the 
declination but no clue to the dates can be obtained except that they must 
pre-date 1599. As it contains no place on our coast I have paid no further 
attention to it." 

\^ an Bemmelen's search for old viagnetic declinations. High praise must 
be accorded Dr. van Bemmelen for his most painstaking and fruitful labors 
in this direction. Only one who has been engaged in a similar task can fully 
appreciate the amount of true patience and skill needed. It is a labor of love 
for which every magnetician owes Dr. van Bemmelen a large debt of grati- 
tude. Since writing the letter which appeared in the first number of the 
Journal, he informs us that during a trip to London he has found additional 
valuable material. He hopes soon to be able to present the readers of the 
Journal with an improved series of isogonic maps of the sixteenth and sev- 
enteenth centuries. 

There are doubtless many others in a position to contribute valuable data 
were they to follow his example. Such researches are absolutely essential if 
we wish to make continued progress in the study of the secular variation and 
the distribution of terrestrial magnetism. Too many have the false impres- 
sion that an old observation with a probable error of a degree or of several 
degrees is absolutely worthless, whereas, really the probable error is often but 
a small fraction of the total secular variation during the time interval consid- 
ered. Likewise a large systematic error running through a series of observa- 
tions does not affect the relative distribution. We trust that those engaged in 
similar researches will put themselves in communication with Dr. van Bem- 
melen, assistant director of the Royal Meteorological Institute of the Nether- 
lands, Utrecht. 
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UEBER DIE FRAGE, IN WELCHER FORM DIE MAGNE- 
TISCHEN OBSERVATORIEN IHRE ERGEBMSSE 
VEROFFENTLICHEN SOLLEN. 

Es 1ST sicher die Frage von Wichtigkeit, in welcher Form die mag- 
netischen Observatorien ihre Ergebnisse veroffentlichen sollen, ob 
man Polarcoordinaten oder rechtwinklige Coordinaten zur Darstellung 
der Variationen der erdmagnetischen Kraft wahlen soil ; wichtiger 
aber erscheint mir die Vorfrage, in welchem Umfange sollen die unrait- 
telbaren Beobachtungsergebnisse in den Jahrbiichern veroffentlicht 
werden. Gewiss ist es hochst nutzlich fiir einen Bearbeiter, gleich die 
tagliche Periode z. B. der rechtwinkligen Componenten, dargestellt 
durch 24 Stundenwerthe oder noch besser durch die Coefficienten der 
trigonometrischen Reihen, gedruckt zu finden, aber zunachst ist doch 
die Frage zu losen, welches Material soil diesen Ableitungen zu Grunde 
gelegt werden. Sollen ungestorte Tage ausgewahlt werden, so miissten 
dieselben fiir alle Observatorien dieselbeti sein. sie miissten also nach vor- 
herigem Einverstandniss ausgesucht werden. Allein wiirden nur diese 
Tage publicirt, so wiirden Untersuchungen nach andernen Richtungen 
unraoglich gemacht werden. Meine Forderung geht also dahin: es sind 
zundchst von den Observatorien alUy den regisirirten Curven entnom- 
menen Stundenwerthe jedes Tages in absolutcm Maass nebst dem tdglichen 
Gang fur den Monat zu publiciren und zwar in der Form, in 
welcher die Componenten beobachtet werden, als Declination, Hori- 
zontal- Intensitat und Vertical-Intensitat. Alle weiteren Rechnungs- 
resultate, die selbstverstandlich erwiinscht, aber doch nicht unbedingt 
nothwendig sind, da sie immer noch aus dem gegebenen Material 
gewonnen werden konnen. Nicht aber kann z. B. der tagliche Gang 
fiir alle Tage gefunden werden, wenn man nur die ungestorten 
veroffentlicht hat. 

Ferner aber scheint mir ausserordentlich wichtig, dass aus einer 
Publication zu ersehen is, in wie weit sind die Scalenwerthe sicher, und 
wie ist die Ableitung der IVerthe fur Scalentheil aus den absoluten 
Messungen geschehen, die Schwankungen dieses Werthes miissen mit- 
getheilt werden. Ferner wie gross ist die Sicherheit der absoluten Mes- 
sungen^ endlich wie gross ist der Temper aturein flu ss auf die Variations- 
Instrumente und wie weit ist der tagliche (iang von demselben befreit. 

Diese Fragen, die von mir bereits auf der Miinchener Conferenz 
(189 1) angeregt sind, sind meines Erachtens zuerst zu losen, und es ware 
ein grosser Gewinn, wenn ein Meinungsaustaush hieriiber zu einem 
giinstigen Resultate fiihrte. M. Eschenhagen. 

Potsdam, 7. Februar 1896. 
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SOME SECULAR VARIATION EXPRESSIONS OF THE MAGNETIC 

DECLINATION.' 



Station 


Lat. 


Long, 
from Gr. 


Empirical 
E 


Expression 


Aden 



12 47 


N 


1 

44 59 E 


to .0 

9 .20 - 5 .89Xsin(i»i t | 224 .0) 


Arica, Peru 


18 28 


S 


70 20.5 W 


— 9 .40 t I .46 


sin(i .5T-I-278 .8) 


Ascension Id. 


7 55.5 


S 


14 24 \V 


10 .55 ' 13 -45 


sin(o .6t-t 45 .3) 


Auckland, N. Z. 


36 50 


s 


174 49 E 


— 14 .36 • .46 


sin(i .1 T-|- 30 .6) 


Batavia, Java 


6 08 


s 


106 48 E 


I .50 -r 3 .16 


sin(o .9T ■ 247 .8) 


Bombay 


18 56 


N 


72 54 E 


2 .66 -^ 3 .49 


sin(o .8t . 242 .2) 


Bridgetown 


13 05 


N 


59 37 W 


I .54 : 2 .74 


sin(i .2T-|- 17 .2) 


Buenos Ayres 


34 36 


S 


58 22 \V 


-12 .03 -r 3 .50 


sin(i .OT-pio .05) 


Cartagena 


10 25 


N 


75 32 W 


— 5 .81 r 2 .08 


sin(i .2T-j- 22 .5) 


Cape of Good Hope 


33 56 


S 


18 29 E 


14 .63 -f 15 .00 


sin(o .6iT-^ 77 .8) 


Charlottetovvn, Pr. Ed. Id. 


46 14 


N 


63 08 \V 


15 .15 -f 7 .96 


sin(]J T-f 77 .6) 


Citv of Mexico 


19 26 


N 


99 05 \V 


-5-52 + 3 -09 


sin(i .OT-I-270 .5) 


Concepcion 


36 42 


S 


73 07 W 


13 -63 -f- 3 .52 


sin(i .OT-i-256 .6) 


Coquimbo 


29 57 


S 


71 22 W 


-II .55 + 2 .83 


sin(i .0T-f264 .3) 


Cura<,^ao 


12 07 


N 


68 57 W 


— 4 .91 + 2 .82 


sin(i .OT-j- 23 .1) 


Fayal, Azores 


38 32 


N 


28 33 W 


II .82 -t-14 .75 


sin(?S T+ 89 .1) 


Fort de France 


14 36 


N 


61 04 \V 


- 2 .73 + 3 .30 


sindf T ^- 27 .6) 


Galapagos Is. 


I 00 


S 


90 00 \V 


7 .49 -^ I .91 


sin(i .5T-r272 .1) 


Jtlalifax, Nova Scotia 


44 39.6 


N 


63 35.3 w 


16 .74 I 4 -30 


sin(gS T+ 39 .5) 


Ilabana 


23 09 


N 


82 22 \V 


- 3 .42 + 3 .14 


sin(i .OT-t-318 .75) 


La Guayra 


10 36 


N 


66 56.5 W 


- 3 •5« + I .61 


sin(i .0Tf357 .7) 


Lagoon Head, Mexico 


28 15 


N 


114 06 \V 


9 .85 4- I .99 


sinf'^o T -I-229 .7« 


Magdalena Bay 


24 38 


N 


112 07 W 


-- 7 .48 + 3 .11 


sin(V 7" -I-241 .8) 


Manila, Luzon Id. 


14 36 


N 


120 58 E 


— .22 -|- .58 


sin(i .0T-r226 .3) 


Montevideo 


34 54 


S 


56 12 \V 


— 10 .28 -|- 3 .90 


sin (I .0T-|-35« .3) 


Nagasaki 


32 43 


N 129 51 E 


2 .74 -h .0237 (t)— 0.0000774 (t)» 


Nosy \€ 


23 39 


S 


43 36 E 


15 .31 f- 8 .30 


sin(o .6t- 146 .1) 


Panama 


« 57 


N 


79 32 W 


— 6 .54 + I .37 


sind .8t t 4 .4) 


Payta, l*eru 


5 05 


S 


81 05.5 W 


- 7 .42 + I .76 


sin(i .2T-i 288 .4) 


Pekin 


39 54 


N 


116 28 E 


2 .179+ .013 


I (t) .0001 1 7(t)' 


Pernambuco 


8 03 


S 


34 52 W 


8 .99 ^9 .46 


sin(o .9T-f-356 .7) 


Petropaulowski 


53 01 


N 


158 43 K 


— 2 .68 + 3 .35 


sin (7 T-f .3) 


Puna and Guayaquil 


a 13 


S 


79 52 W 


— 8 .46 T- .02 


(T)-f .0001 (T)a.. . 


Punta Arenas 


53 10 


S 


70 54 W 


18 .68 -r 5 .12 


sin(i .OT+301 .9) 


Rio de Janeiro 


22 54 


s 


43 10 W 


I .81 -f- 8 .86 


sin(i .OT+348 .1) 


St. Johns, N. F. 


47 34 


N 


52 41 w 


15 -63 -f-15 .52 


sin(i .or-j- 72 .0) 


San Bias, Mexico 


21 32 


N 


105 19 W 


— 6 .60 -f- 2 .82 


sin(V r-l-258 .6) 


St. Helena 


15 55 


S 


5 44 VV 


7 .90 -1 15 .92 


sin(o .6r-|- 68 .2) 


St. Vincent 


16 53 


N 


24 59 W 


10 .48 +10 .22 


sin(o .6r-|- 45 .2) 


San Diego, Cal. 


32 43 


N 


117 10.3 \V 


—II .85 -: I .33 


sin(i .5T-J-214 .6) 


Singapore 


I 18 


N 


103 51 E 


.24 4- 2 .70 


sin(o .9r-)-244 .1) 


Surabaya, Java 


7 14 


S 


112 45 E 


2 .74 4 .70 


sin(o .9r- 234 .6) 


Tahiti, Society Id. 


17 31 


s 


149 34 W 


5 .64 + I .95 


sin(i .OT+244 .9) 


Vera Cruz 


19 12 


N 


96 08 W 


— 4 .77 -<- 3 .91 


sin(i .or-f279 .0) 







^1 


Epoch 


C o-= % 








a. \ 

c 


1612-1887 


t 

±43 •< 


D44( 


17 1 3-1 893 


06 .( 


D24( 


1 700- 1 890 


22 .( 


3 60( 


1848-1891 


10 .( 


332' 


1605-1885 


15 .( 


) 40( 


1722-1889 


12 .( 


M5< 


1 726 -1 893 


15 .c 


)30( 


1829-1883 


38 .( 


)36( 


1705-1888 


15 .1 


<30( 


I 605-1 890 


22 .« 


)59< 


1842-1886 


20 .c 


)38( 


1 769-1885 


18 .c 


)36( 


1709-1893 


23 .i 


S36< 


1700-1891 


21 .C 


)36< 


1 704-1 894 


13 ./ 


'36< 


1 590- 1 89 1 


46 .c 


>53< 


1 682-1887 


19 .c 


)33< 


1794-1880 


25 .c 


)24( 


1700-1879 


26 .c 


>35< 


1726-1889 


17 .c 


)36< 


1 800- 1 890 


21 .C 


)36( 


1783-1888 


OQ C 


)25J 


1783-1881 


35 .c 


)25: 


1 766- 1 890 


08 .; 


i36< 


I 790- I 894 


12 .' 


J36< 


1805-1892 


05 J 




I 607- I 890 


30 .c 


) 6o( 


1776-1885 


13 .< 


> 20( 


1821-1894 


14 .s 


2 30< 


1755-1887 


06 .( 




1815-1894 


17 .1 


M0< 


1779-1891 


21 .' 


J 25: 


1791-1880 


10 .( 


) — 


1766-1893 


16 .( 


)36< 


1 768- 1 888 


25 .( 


)36< 


1845-1885 


17 U 


»36( 


1783-1880 


26 .( 


)25: 


1610-1890 


41 .J 


S 6o( 


1615-1894 


25 .( 


)60( 


I 783-1889 


II .( 


)24( 


I 824- I 89 I 


17 .t 


)40( 


1793-1876 


06 u 


\ 40( 


1768-1878 


14 .( 


)36( 


I 726-1 889 


-^ 29 .< 


)36< 



Washington, D. C. 



G. W. LITTLEHALES. 



*For details, I beg to refer to the Hydrographic Office Publication, No. 109a, Contributions to Terrestria 
Magnetism, the Variation of the Compass. IVest declination is plus, east declination, minus ; r stands for date— 
1850. Special care has been taken in the preparation of the above table. Where discrepancies occur betweei 
the data contained therein and those on pages 50 and 52, ** Publication 109^,** the data given here should bt 
taken. The expression for Bahia, Brazil, it was thought better to omit. 



NOTES 

We welcome among the "Associates" Professors Mascar/ 2ind Neutnayer, 
whose names were received too late to be inserted in the first number. The 
Journal is assured of their heartiest cooperation and good will. 

Among the contributors in future numbers will be Messrs. Abbe, van 
Bemmelen, Biese, Borgen, Eschenhagen, LemstrSm, Liideling, Mendenhall, 
Moureaux, Neumayer, Riicker, Schaper, Schuster, Schmidt, Schott, and 
Weinstein. 

M, Moureaux has been entrusted by the Minister of Public Instruction, at 
the request of the Imperial Russian Geographical Society, with the investiga- 
tion of a pronounced "anomaly" in the distribution of terrestrial magnetism, 
which certain observations have revealed in southern Russia. He will, in 
consequence, be prevented from contributing his promised article on self- 
registering magnetic instruments, which was to have been written at Mascart's 
suggestion, for the July number of the Journal. 

Mr, Williatn Ellis, F.R.S., formerly Superintendent of the Magnetic 
and Meteorological Observatory, Greenwich, now retired, who has eclipsed 
the record of long service at Greenwich — having served a full half century — 
writes us that he is in thorough sympathy with the aims and purposes of 
the Journal. " Terrestrial Magnetism," he says, " has been a greatly 
neglected science, there is hence great need for some such definite place for 
contributions as this Journal." He will do what he can for it. May we hear 
as favorably from all co-workers! 

What is thought of '' Terrestrial Magnetism'' — The whole number, includ- 
ing the chart, is very nicely got up." — C, Chree. " Ich gratulire zur ersten 
Nummer. Sehr gelungen ! " — G. //ellmann. " I am much pleased with the 
appearance of the first number of Terrestrial Magnetlsm, and I think the 
contents are of such interest and promise as to do much towards making the 
future of the Journal successful." — T, C, MendenhalL " Die erste Nummer 
von Terrestrial Magnetism habe ich heute erhalten. Die Ausstattung ist 
brilliant und der Inhalt von grosser Bedeutung. Die Einfiihrung des Journals 
lasst demnach nichts zu wlinschen iibrig." — C. Borgen. "Die erste stattliche 
Nummer der Zeitschrift gefallt uns alien sehr, endlich der Beginn von dem 
lang ersehnten Fortschritt ! Ich verspreche mir viel davon, da ein Zusammen- 
arbeiten moglichst vorbereitet wird." — M, Eschenhagen. " Soeben erhalte ich 
das erste Heft von Terrestrial Magnetism. Ich finde, dass es einen sehr 

90 
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guten Eindruck macht und begluckwunsche Sie von Herzen." — Ad. Schmidt. 
"Vol. I., No. I, just received, and it makes a very handsome appearance,, 
quite as creditable to the University as it is to yourself." — C. Abbe. Professor 
Neumayer congratulates upon the success achieved "by starting such a 
valuable publication." 

Special thanks are due J/. Lancaster for the great pains he has taken to 
bring the Journal to the notice of the readers of Ciel et Terre. After giving 
a complete translation of the circular of announcement, he says : " Ciel et 
Terre se chargera bien volonliers d'envoyer les souscriptions k destination." 
. . . . " Nous souhaitons «i la nouvelle revue le plut grand succds, et la 
realisation du but qu'elle se propose de poursuivre." 

A few of the press notices are also appended : 

"The magnetic needle has become such a promising instrument of 
research, not only in terrestrial, but in cosmical physics, that the journal 
which is to be devoted to phenomena connected with it will appeal to a large 
class of investigators." — Nature. 

"We have adopted the unusual practice of setting out in full the title-page 
of the new journal, because the title-page is itself as unprecedented as is the 
publication ; never before was such a galaxy of names on the title-page of 
any periodical, never was the word • international ' more fully deserved. We 
may further remark that such a journal was very much wanted, and that in 
the interest of scientific progress we sincerely hope that it may have a long 
and prosperous career. — Symons's Monthly Meteorological Magazine. 

The Geologist" s Interest in Terrestrial Magnetism. Professor T. C. Cham- 

berlin, director of the Geological department of the University of Chicago, in 

the January- February number of Journal of Geology^ says : 

" Geologists who are interested in the more obscure problems of the physics 
of the earth will welcome with peculiar gratification the appearance of a 
monographic periodical devoted to one of the most neglected phases of the 
earth's phenomenon, 'Terrestrial Magnetism.' . . . . " The magazine 
will perform a valuable service in bringing together matter which is now so 
widely scattered as to be difficult of access even to specialists, and quite 
beyond the reach of most geologists. Without doubt it will also greatly pro- 
mote the organization of the matter and the evolution of the science. Not a 
few geologists have looked with some measure of hope to terrestrial magne- 
tism for a valuable contribution to the dark problems of the earth's interior. 
We have long felt that there should be discoverable some medium which 
could be operated upon by some inventible device in such a way as to serve 
as a stethoscope, so to speak, to declare the conditions and the changes in the 
heart of the earth. Magnetism is one of the suggested media, and, even if it 
shall not prove an agency of any great moment in itself, it may reveal condi- 
tions of the interior now quite hidden from us. The editorial greeting perti- 
nently quotes Maxwell's eloquent words — referring to the sensitized sheet of 
the self-registering magnetograph — 'On that paper, the never resting heart of 
the earth is now tracing in telegraphic symbols, which will one day be inter- 
preted, a record of its pulsations and its flutierings, as well as of that slow but 
mighty working [the secular variation] which warns us that we must not sup- 
pose that the inner history of our planet is ended.' 

" The first number of the journal contains several articles of weighty inter- 
est to geologists." 
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T/ie National Geographic Magazine for February says : " The true 
cause of the behavior of a compass needle has been a field for speculation 
and study ever since its peculiar behavior was observed and a few students 
had up to the time of Gauss proposed and laboriously worked out ingenious 
theories to explain the phenomena observed. The publication of Gauss' 
great work in 1838, however, marked a great advance and gave a new and 
powerful impulse to the subject. The IVIagnetic Union, formed in the third 
decade of the present centur)*, chiefly owing to the researches of Gauss, 
caused the establishment in various parts of the world of magnetic observa- 
tories, founded and maintained by various governments. Of those so founded 
in the forties, several have maintained a series of almost uninterrupted 
observations to this day. This period of sixty years has seen progress in our 
knowledge of terrestrial magnetism, but without any epoch-making event. 
A vast number of observations have been accumulated, the twenty-four con- 
stants in Gauss' fundamental formula have been more accurately determined, 
and a number of minor phenomena observed and explained, but the subject is 
far from being exhausted. The modern applications of electricity to practical 
affairs is not without its effect upon the subject of terrestrial magnetism. 

" Is not the Journal before us, then, to mark a new epoch in our knowl- 
edge of this subject? It seems strange that, when almost every other branch 
of science has long had its special journal or organ, we should have waited 
almost for the dawn of the twentieth century for the first number of the first 
journal devoted to a matter of such great practical moment and for four cen- 
turies known by all civilized men to be important. 

" We welcome this Joi'RNAL, then, as a needed one, rightly conceived 
and giving promise of usefulness. It enters, and enters under favorable 
auspices, a field not hitherto occupied by any scientific journal. The names 
of the editors, the laboratory, and university from which it comes all combine 
to promise excellent results. It will be strange indeed if distinct gains in 
human knowledge do not result from this enterprise." 

The financial side of the Journa/, Now that the scientific success of the 
Journal seems to be assured in that the united and harmonious support of 
magneticians the world over has been gained, strenuous efforts should be 
made to make the Journal self-supporting. Thanks to several liberal sub- 
sciiptions received from "Associates" — one of them, an American, who will 
not permit the mention of his name, has made himself responsible for 25 sub- 
scriptions ($50) the first year — the Journal is on a better footing than the 
average new journal after the issue of its first number. Nevertheless, at 
least 50-75 new subscriptions are needed to cover the probable total outlay 
for the year. The Journal is not subsidized by any university or corpora- 
tion ; it will depend for its support upon those who have the advancement of 
Terrestrial Magnetism at heart. The editor does not intend that the Journal 
shall be conducted very long on a losing basis, — not that it is to be abandoned 
in case there is a deficit at the end of the year, but that the garment will 
be cut according to the cloth. A journal of Terrestrial Magnetism in some 
form or other has come to stay. 

New Magnetic Observatories, According to information received from 
the Director of the Meteorological Institute of Roumania, S, C, Hepites^ their 
Magnetic Observatory is now completed and ready for the installation of the 
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self-registering instruments. A magnetic survey of Roumania is to be under- 
taken ; a Wild transportable magnetic theodolite constructed by Edelmann 
and compared by Wild with the absolute instruments at the Pawlowsk Obser- 
vatory, has been secured. Dr. Af, Snellen also writes us that the new Mag- 
netic Observatory at Utrecht, which we had the privilege of visiting during its 
construction, and which is more favorably located than the old one, is ready 
for the placing of the instruments. Descriptions of these observatories will 
be given later. Professor Neumayer promises an abstract of an interesting 
investigation that he is carrying on which will serve to point out where Mag- 
netic Observatories are most needed and where they can be established to 
best advantage. It is very much to be hoped that we may soon report the 
establishment of a permanent Magnetic Observatory at Chicago. May the 
day be not far distant when the United States of America will be able to 
make as good a showing of Magnetic Observatories as any of the European 
countries ! 

The Construction of new magnetic charts of the Earth by the French 
Bureau of Longitudes. 

M. de Bernardidres* has contributed a most interesting note to the Coinptes 
Rendus, xai, p. 679, on the above subject. The spirited enterprise of which 
this note gives the first published account is another indication of the remark- 
able interest that is being displayed at the present time on all sides in 
geomagnetism. After briefly noting this reawakening interest the author 
gives a short description of the methods and purposes of the project. The 
object is to undertake under the direction of the Bureau des Long^itudes 
the construction of new magnetic charts of the Earth, supplementing the data 
furnished by magnetic surveys and observatories by freshly observed material in 
such localities (at sea, along seacoasts, etc.,) where observations for various 
reasons are more or less defective or are entirely wanting. These observations* 
are to be made in various parts of the Earth as nearly simultaneously as pos- 
sible by experienced or previously trained observers, all precautions being 
taken to secure strict comparability. 

The bureau has obtained the hearty cooperation of Vice-Admiral Bernard, 
Minister of Marine, who has put at its disposal officers, sailors, and a large 
number of instruments, also that of the Colonial Minister who has promised 
his active interest in the colonies. In this way it was made possible to organ- 
ize seven expeditions, each composed of a lieutenant, ensign or hydrographer, 
and one assistant. These expeditions have been distributed as follows : 

Atlantic Ocean. — West coast of Africa, east coast of America, Antilles, etc., 
M. Schwdrer, lieutenant of the ship. 

Pacific Ocean. — West coast of America, M. Blot, ensign of the ship. 

Pacific Ocean. — Oceania, M. Monaque, ensign of the ship. 

Indian Ocean. — Red Sea, south coast of Asia, eastern coast of Africa, 
Madagascar and other islands, M. Paqu6, ensign of the ship. 

' Secretaire de la Commission des Cartes magneti()ues du Bureau des Longitudes. 



94 AOTES [Vol. I. No. 2] 

Chinese and Japanese Seas. — Coasts of Indo-China, of China and Japan, 
M. Terrier, ensign of the ship. 

Madeira, Canary Islands, Azores, Cape Verde Islands, Senegambia, M. 
■de Vanssay, hydrographic sub-engineer. 

Iceland. — North Sea, Scandinavia, Denmark, Scotland, M. Houette, cap- 
tain of the frigate and in command of the station at Iceland ; M. Morache 
lieutenant of the ship. 

As soon as the necessary instruments are forthcoming an eighth expedition 
-will be sent to Terranova, which on its return will make observations in the 
Mediterranean Sea. 

The observers are provided with both absolute and variation instruments. 
Instrumental tests and comparisons have been made before starting at the 
observatories of Montsouris and Pare Saint Maur. Observations and com- 
parisons will also be made at all the Magnetic Observatories en route. Full 
and definite instructions accompany each expedition, so that uniformity of 
method of observation and reduction may be secured. The Marine Depart- 
ment has promised to provide certain ships with the instruments necessary for 
accurate observations at sea. 

Six of the expeditions are en route ; they have already communicated their 
first observations. It is expected that they will carry on their work for about 
two years. 

The expedition sent on the ship "Manche" to Iceland last spring has 
returned with a large number of observations made at Cherbourg, in Scotland, 
the Shetland Islands, Iceland, Norway (as far north as Bossekop and Ham- 
merfest), in Denmark and in the North Sea. Two complete series of observa- 
tions of variations, each eight days in duration, were obtained by the Observa- 
tory constructed by the "Manche" at Reykiavik. An interesting and valua- 
ble comparison will thus be afforded with the observations of the " Recherche " 
obtained sixty years ago and with those of various other expeditions in these 
regions. It is hoped that the remainder of the expeditions will be equally 
successful. 

Abstracts 0/ papers. In order to ^ive prompt notice of current papers on 
terrestrial magftetism and allied subjects, we luould be greatly obliged if 
authors who have articles appearing elsewhere will kindly furnish us, at 
their earliest contfenience, with full abstracts for publication in the Journal. 
In general, the policy pursued for abstracts and reviews will be to employ 
some other language than that of the original, in order to give those who are 
unable to read an article in the language in which it is written an opportunity 
to become acquainted with the main contents. In consequence, abstracts 
thus furnished may at times be translated, not necessarily into English, unless 
the author expresses his wish to the contrary. 

As we are going to press. The University of Chicago announces that the 
editor of this Journal will be in charge of Geophysics at the Yerkes 
Observatory. 
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REVIEWS. 

Chree, C: Atia/ysis of the Results from the Kew Declination and Horizontal 
Force Magnetograph during the selected " Quiet'' Days of the Five Years 
i8go~Q4. Report of the British Association Committee on Comparison 
and Reduction of Magnetic Observations, Ipswich Meeting, 1895. 

Die in dieser Abhandlung benutzten ruhigen Tage sind die vom Astro- 
nomer Royal ausgewahlten. Dass fiir jeden Monat fUnf solche Tage gewahli 
sind, giebt allerdings eine erwunschte Gleichheit der Anzahl, lasst aber 
befUrchten, dass der Charakter der Tage weniger einheitlich ist. 

Die Mittel der 25 Stundenwerthe (Mitternacht bis Mitternacht), abgeleitet 
mit Hiilfe der jahrlich pubiizirten Monatsmittel der Stundenwerthe, lieferten 
nicht die erwartete rein cyclische tagliche Variation, sondern ein entschiedenes 
Anwachsen wahrend eines Tages. Der Betrag war, pro Jahr gerechnet, 
+ 35' in der Declin. und -\- 1265x10-5 C.G.S. in Hor. Int. Beilaufig wird 
mitgetheilt, dass umgekehrt die Vert. Int. abnimmt. Mr. Chree halt es fUr 
wahrscheinlich, dass diesem nicht-cyclischen Theile eine tagliche Ungleich- 
heit anhaftet, und dass der vorhergehende und der folgende Tag dariiber 
vielleicht mehr Licht geben konnten, hat ihn aber vorlaufig ohne tagliche 
Ungleichheit angenommen. Mittelst des oben citirten Betrages des regel- 
mdssigen Anwachsens wurde nun die gewohnliche tagliche V^ariation fiir die 
Monate, Quartale, Semester und das Jahr abgeleitet. 

Auf die tagliche Variation fiir Sommer, Winter und Jahr sind harmonische 
Reihen angewendet ; auch sind die Decl. und Hor. Int. in Polarcoordinaten 
umgewandelt und die geschlossenen Tagescurven beigegeben. Um die ver- 
schiedene Grosse der Variation fiir die 12 Monate zu zeigen, giebt Mr. Chree 
die Summe der Stundenabweichungen (ohne Riicksicht auf das Zeichen) und 
die Extreme, und letztere mit und ohne Elimination. 

Schliesslich wird die jahrliche Variation abgeleitet unter Annahme einer 
constanten Siicular-Variation, und werden die verschiedenen Fehlerursachen, 
welche von iiusserlichen Umstiinden herriihren konnen, erwogen. Die werth- 
volle Abhandlung giebt sehr practische Data fiir die Kenntniss des Erdmag- 
netismus und eine nicht bekannte Eigenschaft der ruhigen Tage : die 
nicht-cyclische Variation. Es ist klar, dass dieses Phanomen ganz dasselbe 
ist, als die von mir gefundene Nachstorung,^ welche auch bei den Normal- 
tagen (fiir Petersburg und andere Stationen) nachgewiesen wurde. Die 
tagliche Ungleichheit dieser Nachstorung zeigte sich sehr bedeutend und 
besonders wahrend der Nachtstunden unregelmassig. so dass der von Mr. 
Chree benutzte Unterschied der zwei aufeinander folgenden Mitternachts- 
werthe sehr unsicher das Mass des Anwachsens giebt und ein Fortlassen der 
tJiglichen Ungleichheit einen typischen Einfluss hat. Weiter folgt aus 
meinen Resultaten, dass dieses Anwachsen auch eine jahrliche Schwankung 
zeigt, also nicht fiir alle Monate der gleiche Betrag genommen werden darf. 

Ich benutze die Gelegenheit, mit wenigen Zeilen einige Einwendungen des 
Herrn Professor Bigelow (^Z. pg. 53, No. i) zu beantworten. Ich habe bei 
der Ableitung der Nachstorungsvectoren immer nur die Tages- und Stunden- 
mittel aufeinander folgender Tage verglichen, gerade um die Ungewissheit 
iiber die zu vervvendenden Monatsmittel zu umgehen, und habe nur die 
Abweichungen vom Monatsmittel der Uebersichtlichkeit wegen beigegeben. 
Eine lineare Interpolation von Monatsmittel zu Monatsmittel ist hypothetisch, 
iindcrt auch nur wenig an den Resultaten. Fiir die tagliche Ungleichheit 

^ Meteorologische Zeitschrift^ September 1895. FMn Vortrag iiber diese Xach- 
sturung wurde von mir auf der fiinften Versammlung des Niederlandischen Naturwiss. 
und Mediz. Congresses zu Amsterdam am 19. April 1895 gehalten. 
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verglich ich immer nur zwei (oder drei) aufeinander folgende Tage und hatte 
also keine nennenswerthe siiculare Aenderun^ des Monatsmittels oder der 
normalen taglichen V'ariation zu fiirchten. Der exacte Zusammenhang von 
Nachstorung und magnetischem Sturme ist noch nicht klar ; ich f reue mich 
aber, dass Professor Bigelow der Ansicht ist, dass wenigstens die Permanenz 
des Nachstorungspoles auf der Erde mit seiner Theorie nicht unvereinbar ist. 
Auch der Zusammenhang mit dem Nordlichte ist noch nicht geniigend fest- 
gestellt, dass man die Meridiane der Nachstorung "auroral meridians" 
nennen konnte. 

Ich hoffe einmal die Gelegenheit zu haben, meine Resultate in umstand- 
licherer Form mitzutheilen, um sie bessei mit denen der Herren Chree und 
Bigelow vergleichen zu konnen. 

W. VAN Bemmelen. 

THE POTSDAM ROYAL MAGNETIC OBSERVATORY. 

Ver'dffentlichungen des Koniglich Preussischen Meteorologischen Instituts, 
Heraugegeben durch dessen Direktor, W. v. Bezold. Ergebnisse der 
magnetischen Beobachtungen in Potsdam in den Jahren i8qo und 
i8gi von Dr. M. Eschcnhagen. Berlin : A. Ascher, 1894, 4". LXIV-\- 
84 pp., II pi., 5 figs. 
This volume constitutes the first publication of observations and results of 
one of the most carefully designed and best equipped of modem magnetic 
observatories. One cannot but be impressed with the extreme care taken by 
all concerned in the location, construction and equipment of the Observatory. 
Great satisfaction must be expressed that it was deemed worth while not 
alone to build well, but also to describe well and minutely every detail con- 
nected with the erection of the Observatory, and the adoption and installation 
of the instruments. As this Observatory, furthermore, represents in a certain 
sense the embodiment of the best thought, as resulting from a careful study 
of all similar institutions, future constructors of such observatories will be well 
repaid by a careful perusal of this valuable and suggestive volume. 

The Observatory is located at Potsdam, on the large government reserva- 
tion on the Telegraphenberg, and forms one of the famous group of buildings 
erected by the German Government for the prosecution of astrophysical 
and geophysical investigations, such as the Astrophysical Observatory, the 
Geodetic Institute and the Meteorological- Magnetic Institute. The latter is 
under the general control of Professor von Bezold, Director of the Royal 
Prussian Meteorological Institute at Berlin ; the local direction has been 
assigned to Professor Sprung, while to Professor Eschenhagen has been given 
the especial charge of the Magnetic Observatory. The Observatory is about 
153 meters west of the middle dome of the Astrophysical Observatory, and 
about 120 meters south of the Meteorological Institute, and far removed from 
all industrial disturbing influences. The soil consists of a loose, white sand. 
A preliminary examination could detect no local disturbances. Especial care 
was taken in the erection of the nearest building — the Meteorological Insti- 
tute, which at the same time contains the dwellings of Professors Sprung and 
Eschenhagen — to avoid massive iron masses, such as large iron girders, or 
pipes, iron-staircases, etc., in the construction. Since the building of the 
Magnetic Observatory, several small iron buildings belonging to the other insti- 
tutes have been built at distances of 100 to 200 meters. Although it is 
believed that if any effect whatever is to be felt from these adjuncts, it will be 
extremely small, nevertheless, a careful and quantitative examination is to be 
undertaken. 
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The general plan of the Observalory, as designed by Professor von Bezold, 
follows closely Mascart's idea of concentraiing all the various phases of 
magnetic work in one building instead of in detached buildings, as, e.g., the 
model Russian Observatory at Pawliiwsk. It was found desirable to enlarge 
upon ihe dimensions employed at Pare St. Maur, and it is suggested that a 
slill further enlargement would have been found advantageous. The building 
consists of a basement for the variation instruments and a one-storied super- 
structure for the absolute instruments. Ihe larger dimension of the building 
being in an east to west direction. The ijuestion of building material being 
of prime importance this was given especial attention by Professor Sprung, 




who, after many careful tests, selected for the substructure a limestone from 
KUdersdorf, and for the superstructure a line-grained sandstone from 
Wefensleben. No cement of any kind was used, and of the metals only 
copper and bronze were utilized in the construction of the building. Every 
precaution was taken to guard against moisture and to assure as equable 
and constant a temperature in the observing-rooms as possible. The cellar 
walls are double, with an air-space between them, the inner wall bping one 
meter thick, the outer, the face of which is in contact with the earth, being 
specially lined with a protective covering against moisture, three-fourths of a 
meter in thickness. All windows are double and as air-tight as possible; 
below the roof is an air-space after the Tyrolese fashion for the regulation oE 
the radiation of the Sun's heat, the stoves are carefully screened and a special 
system of ventilation is employed forthe cellar rooms. The annual tempera- 
ture variation in the magnetograph rooms was thus reduced to 1 1 " C, the 
daily to o".5 C, while the humidity varied, in the course of the year, between 
60 and 3o per cent. The magnets themselves, since they are placed under 
special covers, are subjected to even a smaller temperature variation. It is 
hoped, however, to make Still further improvements. For special observa- 
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tions, e. g., with large magnets or powerful electric currents, there is in 
addition to the principal building, in which, of course, such observations could 
not be made by reason of the disturbing influence on the recording instruments,, 
a smaller wooden structure about seventy-five meters south of the main build- 
ing. It was possible to begin the regular observations on January i, 1890. 

The general scheme of work as carried out by Professor Eschenhagen and 
one assistant embraces the care of a double system of variation instruments, 
the main, a continuous self-recording one, by means of photographic registra- 
tion, the secondary or check system, adapted to direct eye-reading by means 
of telescope and scale ; the making of the absolute observations three times a 
month; numerous special investigations; instrumental adjustments and 
determinations of constants, and finally, the reduction and discussion of the 
observations. It is planned when the working force has been increased, to 
add earth current observations, and to make the Observatory the base station 
of a detailed magnetic resurvey of Germany. The atmospheric electricity 
observations are carried out by the Meteorological Institute proper. 

As special stress was to be laid ujx)n the sensitiveness of the recording 
instruments, preference was given to the Mascart system, in which the 
needles employed are small and sensitive, only 5*^" long and weighing about 
10 grams. It was found desirable, however, for the special purpose at hand, 
not to adopt the Mascart system of photographic registration whereby three 
elements are recorded on a single paper, one above the other, a single base 
line being common to all, but to have instead, each element recorded separ- 
ately on three different cylinders, each ao*^"" wide ; a fourth cylinder being 
likewise added for special investigations. The time scale was lengthened so 
that 20""", instead of 15'"™ as usual, represented one hour. Professor 
Eschenhagen has succeeded in so perfecting this registration apparatus 
that the photographic traces obtained with it are exceptionally sharp 
and clear, having a width of only o""".2 to o""".5. It is thus possible 
to recognize even very minute oscillations such as occur, for example,, 
during thunderstorms or earthquakes, the record of which is frequently 
obliterated in the curves of the Kew system. By the invention of a triple 
mirror arrangement in which the faces of the three mirrors have a slight incli- 
nation to each other, complete records of exceptionally large disturbances can 
be obtained which, on account of the limited width of the cylinder, are fre- 
quently partially lost. For example, in declination a disturbance of g' can 
be fully recorded, whereas with the single mirror, disturbances larger than 3 
leave the sheet. This main system of variation instruments is installed in the 
west room of the cellar, while 'in the east room is to be found the secondary or 
eye-reading system, according to the Wild pattern and constructed by Edel- 
mann, the magnets being about twice the length of those of the main system. 
Readings of all three elements, declination, horizontal and vertical intensity^ 
are taken dailv, viz., at 10 a.m., i p.m., and 6 p.m. This secondarv svstem 
serves as a check upon the other and also as an intermediate one between 
the absolute instruments and the primary self-registering system. The abso- 
lute determinations are referred first to the secondary variation system by 
means of strictly simultaneous observations made three times a month at an 
average interval of ten days, the exact coincidence in time being secured by 
the pressing of an electric button by the observer at the absolute instru- 
ments, thus causing a small glow lamp (of 10 volts) placed before the observer 
at the secondary variation instruments, to brighten ; this electric signal arrange- 
ment, as it is used, has no appreciable influence upon the variation instru- 
ments. The continuous, relative observations of the primary system are then 
converted into absolute measure by reference to the secondary system with 
the aid of the tri-daily readings. 
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The absolute observations, as already stated, arc made in the west room 
of the first floor. It was found that with the size of the magnets employed ^he 
disturbing influence upon the variation instruments in the cellar below was of 
such an order that it could be neglected. The general scheme of observation 
is ultimately to consist of a double determination of all three elements, decli- 
nation, horizontal intensity, and inclination, by two independent methods, e.^i:^., 
inclination by means of dip needle and earth inductor, the intensity with the 
magnetic theodolite and by means of the Kohlrausch bifilar-galvanic or mag- 
netic method, and so likewise the declination by means of two methods. It is 
thus hoped to eliminate and determine as far as possible the cause of the 
instrumental differences as revealed by the comparisons of Rijckevorsel, 
Solander and Riicker. Want of space will prevent us from going further 
into detail. Reference will have to be made to the original.* 

The appended tables of hourly values of Z>, //'and V are given in abso- 
lute measure and in C. G. S. units. A fivefold classification of semi-daily 
curves is undertaken, and the hourly value occurring at a time when the 
character of the curve can be conventionally designated as belonging to class 
three, or higher, is indicated in the tables by a special mark, thus rendering it 
easy to pick out disturbances and to form some judgment as to their duration 
and character. 

Special note is made of two classes of disturbances which the fineness and 
distinctness of the Potsdam magnetic traces clearly indicate, viz., those due to 
thunderstorms which in general are not felt by magnetic observatories and 
hence are prob«ibly to be referred to local conditions, and secondly two earth- 
quake disturbances, the one felt in Italy, June 7, 1891, and the other in 
Japan, October, 27, 1891. 

From the tabular and the graphical representation of the diurnal distribution 
of disturbed hours, it is found that for all three elements, the principal max- 
imum is reached towards evening between 7 and g o'clock, a secondary max- 
imum occurring early in the morning between 2 and 4, while the minimum 
takes place about noon or somewhat earlier. The total sum of disturbed 
hours in 1891 was decidedly larger than in 1890, being thus in conformity 
with the relative numbers of Sun-spot frequency. 

L. A. Bauer. 

Dr. van Rijckevorsel : A Majrnetic Sut-vey of the Netherlands for the 
Epoch famiary /, i8gi, Nieuwe Verhandelingen van het Bataafsch 
Genootschap der proefondervindelijke Wijsbegeerte te Rotterdam. 
Buitengevvone Aflevering. Rotterdam 1895. 

Der durch seine magnetischen V'ermessungen in Sumatra und Brasilien 
riihmlichst bekannte Verfasser unternahm in den Jahren i890-'92 auf Anre- 
gung des verstorbenen Buys Ballot eine detaillirte magnetische Aufnahme 
der Niederlande. Bereits i889verglich er seine Instrumente, ein Elliot'sches 
Magnetometer und ein Inclinatorium von Dover, mit den Apparaten der 
Observatorien zu Kew, Pare St. Maur, Utrecht und Wilhelmshaven, wovon 
die Resultate veroffentlicht sind in der Schrift "An attempt to compare the 
instruments for absolute magnetic measurements at different observatories," 
herausgegeben in 1890 vom Meteorologischen Institut zu Utrecht. Es zeigten 
sich ziemlich betrachtliche Differenzen zwischen den Observatorien, weiche 

*See also M. Eschenhagen, "Kinige Bemerkungen zur Aufzeichnung der Variati- 
onen des Erdmagnetismus," Meteorolosischi Zeitschrift^ 1892, Vol. VIII., No. 12. Like- 
wise the valuable paper by Professor Eschenhagen "On some improvements in mag- 
netic instruments," published in Part 11., p. 539 of the Report of the International 
Meteorological Congress, held at Chicago in 1893, ed. by Cj. L. Fassig. 
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den Betrag der Beobachtungsfehler iiberschritten, und die daher notwendig 
beriicksichtigt werden miissen. wenn man die Aufnahmen verschiedener Lan- 
der zu einer Karte zusanimenschnielzen will. 

Durch griindliche Untersuchung seiner eigenen Instrumente, die er 
schon bei seinen friiheren Beobachtungen benutzt hatte, kam R. zu der 
Ansicbt, dass dieselben noch mancherlei Verbesserungen fahig sind, da die 
Genauigkeit noch zu wiinschen iibrig liess, ebenso muss aber die Controle 
der Variatioiisinstrumcnte an den Observatorien noch auf cinen grosseren 
Grad der Priicision gebracht werden. Eine Untersuchung der sacularen 
Variation in den Niederlanden und den anstossenden Gebieten liefcrte ihm 
den Betrag der hierfur anzubringenden Correction, die dieselbe blieb fUr das 
durchforschte Gebiet. Zur Elimination der tiiglichen Verschiedenheiten der 
magnetischen Elemente dienten die registrirten Curven des magnetischen 
Observatoriums zu Utrecht ; zum Vergleich wurden notigen Falls die der 
anderen oben genannten Observatorien herangezogen. 

Bei den Declinationsbestimtnunf^en zeigte sich, dass die Fadenaufhangung 
des Magnets wegen der Torsion im Felde zu Ungenauigkeiten fuhrt ; auch ist 
der Wind ein Hinderniss, zumal man auf einer liingeren Reise hauBg mit der 
Ungunst der Witterung zu kampfen hat. Man soUte — nach Ansicht des 
Referenten- -im Felde nur eine Spilzenbewegung der Magnetnadel ver- 
wenden, d. h. die Declinationsnadel, die man auch als abgelenkte Nadel bei 
den Intensitiitsbestimmungen benutzt, soil wie eine Compassnadel mit einem 
Hiitchen auf einer hinreichend spitz zu erhaltenden Pinne ruhen. Man 
gewinnt dadurch sehr viel ruhigere Bilder beim Einstellen mit dem Fernrohr 
und kann durch leichtes Kratzen mit dem Fingernagel an der Feinschraube 
die Reibung der Nadel fast unschadlich machen, so dass im Felde selbst bei 
Wind Einstellungen erzielt, die bis auf 0.5' sicher sind. Der astronomische 
Meridian wurde durch Sonnenbeobachtungen ermittelt, wobei das Sonnen- 
bild durch einen kleinen Spiegel in das Fernrohr geworfen wird. Die Nicht- 
parallelitat von Fernrohraxe und Spiegelaxe wird durch das Beobachtungs- 
verfahren aber nicht vollkommen eliminirt. Zeitbestimmungen wurden nicht 
gemacht, sondern die Zeit einem Chronometer entnommen, das in Utrecht 
mehrfach verglichen wurde. Die fUr Azimuthbestimmungen ungunstigen 
Mittagsstunden wurden vermieden. Durch Discussion aller Fehlerquellen, 
namlich ungenaue Kenntniss der Zeit, Sonnenbeobachtung, Bestimmung des 
magnetischen Meridians und Elimination der V'ariationen, kommt der V'cr- 
fasser zu dem Resultat, dass der wahrscheinliche Fehler einer Declinations- 
bestimmung etwa 100' betragt. Dieser Werth ist nicht sehr giinstig, verdankt 
aber zur Halfte seine Entstehung der ungenauen Elimination der V^ariationen. 

Die Horizontalintensitdt wurde meisi sowohl durch Ablenkungen als 
Schwingungen bestimmt. Die Resultate waren recht befriedigend und 
ergeben die Horizontalkraft bis auf circa 0.00005 C.G.S. 

Die Inclination wurde nur relativ, d. h. ohne Ummagnetisircn der vier 
Nadeln, bestimmt und die nothigen Correctionen durch Vergleiche in Utrecht 
bestimmt. Die Endresultate besitzen einen wahrscheinlichen Fehler von 
circa 0.5'. 

Die Ergebnisse fiir alle drei Elemente, die an den 328 Stationen beob- 
achtet wurden, sind nebst einer Anzahl Einzeldaten in Tabellen wiederge- 
geben, /. e. so dass man einen guten Ueberblick iiber die mit Sorgfalt durch- 
gefuhrte, umfangreiche Beobachtungsreihe erhalt. Alle Werthe sind auf die 
Epoche i8gi o reducirt. Da auf circa 100 Quadratkilometer cine Station 
entfallt, so diirfte hiermit das dichteste Netz von dem zur Zeit veroffentlich- 
ten magnetischen Landesvermessungen gewonnen sein. 

Die Resultate sind nun in der Weise in Karten niedergelegt, dass zunachst 
die sogenannten wahren isomagnetischen Linien gezeichnet wurden, d. h. es 
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wurden die Linien gleicher Declination, Horizontalintensitat und Inclination 
gezogen, wie sich dieselben moglichst genau den Beobachtungen anp«issen, 
ohne also irgend welche Ausgleichungen vorzunehmen. Dasselbe geschah 
auch init den rechtwinkligen Componenten. V'ertikalkraft, Nordliche und 
Westliche Componente, die aus den erstgenannten Bestimmungsstiicken sich 
unmittelbar ergeben. 

Da die so gezogenen Linien recht erhebliche Unregelmassigkeiten auf- 
weisen, so war die wichtigste Frage, fur diese letzteren eine Darstellung zu 
gewinnen, aus der der Sitz und die Starke der storenden Krafte ermittelt 
werden konnte. Verfasser hat dazu das bereits erfolgreich von Riicker und 
Thorpe bei der englischen Landesvermessung angewendete V^erfahren einge- 
schlagen, mit der Modification, dass er gleich von den rechtwinkligen Com- 
ponenten ausgeht und die von den obengenannten Autoren eingefuhrten 
Districtscurven ableitet. Darunter ist eine rechnerische Ausgleichung der 
beobachteten Werthe eines grosseren Gebietes (Districtes), wozu in diescm 
Falle das ganze Land zusammengefasst wurde, zu verstehen, indem jede 
Station Gleichungen liefert, in denen ein magnetisches Element und beide 
geographische Coordinaten eingefiihrt sind. Man erhalt alsdann glatte, aus- 
geglichene Curven fiir die betreffenden magnetischen Elemente, die im 
Gegensatz zu den wahren isomagnetischen Linien terrestrische (auch berech- 
nete) Linien genannt werden. Auch diese sind vom Verfasser in Karten 
wiedergegeben. Die Abweichungen der beobachteten Componenten von den 
berechneten geben alsdann ein bestimmtes Maas fiir die storende Kraft an 
jeder Station, die wiederum in Karten eingeiragen sind und zwar so, dass 
durch eingezeichnete Pfeile die Richtuug und Starke der Horizontalcompo- 
nente der storenden Kraft dargestellt sind, wiihrend die Starke der verticalen 
Componente ausser durch Zahlen noch durch mehr oder weniger rothe (fiir 
positive Anomalien) und blaue (fiir negative) Fiirbung gekennzeichnet sind. 
Auch die Anomalien der Totalintensitat sind in gleicher Weise abgeleitet und 
dargestellt. 

Die erwahnten Pfeile deuten immer nach einem Attractionscentrum^ das 
auch eine Linie sein kann, wofur von Riicker der Name rid^^c line, Kamm- 
linie oder Riickenlinie eingefiihrt ist. Eine solche Linie verliiuft dann gewohn- 
lich auf einem Gebiete positiver Anoftialiai der Verticalintensitat, im Gegen- 
satz zu den Thallittien, valley lines, von denen jene Pfeile scheinbar ausgehen, 
und die Minderwerthe der V^erticalkraft besitzen. Die kartographische Dar- 
stellung dieser Linien, an denen das durchgeforschte Gebiet sehr reich ist, 
bietet dem Verf. zu interessanten Betrachtungen Anlass. Bei der Einfach- 
heit der geologischen Verhaltnisse des Landes, die keine magnetischen 
Gesteinsforma ionen von Belang aufweisen, ist man genothigt, in der Tiefe 
solche Massen anzunehmen, die, wie Verf. andeutet, vielleicht gerade der 
hollandischen Kiiste eine gewisse Festigkeit gegen den Wogenprall geben. 
Besonders aufifalleud ist eine Kammlinie, die von der Insel Wieningen, dies- 
seits der Inseln Texel, Vlieland, Terschelling und Ameland, verlauft. Im 
Suden setzt sie sich diesseits fort zu einem Gebiet stiirkster verticaler Storung 
siidostlich von Utrecht. Ein Gebiet sehr schwacher V'erticalkraft befindet 
sich in der Nahe von Groningen. Wir konnen hier ohne kartographische 
Darstellung keine vollkommene Darstellung der interessanten Verhaltnisse 
geben, mochten aber dem Verfasser vollstandig beipflichten in der Meinung, 
dass eine Beantwortung der Fragen nach dem Ursprung solcher Storungsge- 
biete, die unzweifelhaft einen wichtigen Fingerzeig fiii die Verhaltnisse des 
Erdinnern geben, nur dann geschehen kann, wenn auch eine Durchforschung 
der Meerestheile mit entsprechender Genauigkeit stattgefunden hat. 

Schliesslich mochte Referent noch die Ansicht hinzufiigen, dass die 
Ursachen solcher grosserer Storungen, die Riicker "regional-" und "district 
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disturbances" nennt, vielleichl nicht ausschliesslich un Gesteins-oder Gebirgs- 
maj^netismus ihren Grund haben, sondern dass die Vertheilung von iMnd un 
Wasser, oder allgemeiri auch die verschiedene Leitungsfahigkeit des Erd- 
bodens, die Erdstroine und damit den Erdmagnetismus beinflusst. Bei dem 
auffallend differenten Verhalten, welches diese V^ertheilung im grossen in 
Folge der Configuration der Continente zeigt, ist es moglich, dass Einfliisse 
sogar schon an verhaltnissmiissig kleinen Kiisten und Insein bestehen, ja 
vielleicht ist bei continentalen V'erhaltnissen der Einfluss von Wasserziigen in 
gewissen Tiefen der Erdkruste von Einfluss. Im Falle der Richtigkeit dieser 
Behauptung wiirde man auf hoher See den gleichmassigsten Verlauf der 
Erdstrome und damit auch die gleichmassigste Vertheilung des Erdmagne- 
tismus beobachten miissen. 

M. ESCHENHAGEN. 



TERRESTRIAL MAGNETISM AT THE INTERNATIONAL METE- 
OROLOGICAL CONGRESS HELD AT CHICAGO. 1893. 

The papers presented at this meeting, held under the auspices of the 
Congress Auxiliary of the World's Columbian Exposition, are being pub- 
lished as Bulletin No. 1 1 of the United States Weather Bureau, under the 
editorship of the secretary of the congress, Mr. O. L. Fassig. The Parts I. 
and II., containing the papers with which this Journal is concerned, have 
now appeared. It is intended to bring later brief abstracts of the various 
articles; at present only the titles can be given. 

In Part I., M. A. Veeder: An international cipher code for correspond- 
ence respecting the aurora and related conditions, p. 26 ; G, IV. Littlehales, 
The secular change in the direction of the magnetic needle ; its cause and 
period, p. 174. 

In Part 11. , G. Hellmann : Contribution to the bibliography ot meteorol- 
ogy and terrestrial magnetism in the fifteenth, sixteenth and scvententh cen- 
turies, p. 352 ; C A. Schott, Magnetic survey of North America, p. 460; A. 
de Tillo, Magnetic survey of Europe and Asia, p. 465 ; C. Bbrgen, The inter- 
national polar expeditions, 1882-3, p. 469 ; T. Bertelli, The discovery of the 
magnetic declination made by Christopher Columbus, p. 486 ; S. Lemstrom, 
The cosmical relations manifested in the simultaneous disturbances of the 
sun, the aurora and the terrestrial magnetic field, p. 492 ; F, //. Bigelow, 
The periodic terms in meteorology due to the rotation of the sun on its axis, p. 
500 ; /. Eister 2ir\6. H. Geitcl^ Review of recent investigations into the subject 
of atmospheric electricity, p. 510; M, Th. Ede/mann, On the construction of 
«arth-magnetic instruments, p. 522 ; J/. Eschenhagen, On some improve- 
ments in magnetic instruments, p. 539; A. ScAus^er^The present condition of 
mathematical analysis as applied to terrestrial magnetism, p. 550 ; A. B. 
Chauveau, Methods and instruments of precision for the study of atmospheric 
electricity, p. 569. An elaborate paper prepared by Professor G. Neumayer, 
^*0n the Cartographic Presentation of the Distribution of the Forces of Ter- 
restrial Magnetism and their Variations, including a brief abstract, at his 
solicitation, of the results of the investigations on the secular motion of a free 
magnetic needle by L. A. Bauer, was lost in transmission. 
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By A. W. RUCKER, F.R.S. 
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PART I. 

ON THE ACCURACY OF THE DELINEATION OF THE TER- 
RESTRIAL ISOMAGNETIC LINES. 

My friend Dr. Thorpe and I have completed a Magnetic 
Survey of the United Kingdom of Great Britain and Ireland, of 
which a full account has recently been published in the Trans- 
actions of the Royal Society. I do not propose in this article 
to give a detailed description of our work, but there are certain 
points which we have been able to discuss with unusual fulness, 
an account of which may be interesting. 

Observations have been made by us or under our direction at 
882 places in the British Isles. There is therefore one station 
to every 139 square miles of land area. 

In the first instance we ourselves observed at 205 places, 
between the years 1884-8. 

This completed our First Survey the epoch of which was Jan. 
I, 1886. The results were published in the Philosophical Trans- 
actions (1890 A. p. 53). The Government Grant Committee of 
the Royal Society then supplied us with a liberal subsidy to meet 
the cost of carrying on the work on a larger scale. We obtained 

X05 
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the services of two assistants, Messrs. P. H. Gray and A. E. 
Briscoe, of whom the latter, on his retirement in 1890, was 
replaced by Mr. W. Watson. The work of these gentlemen was 
of a very high quality and with their aid, in the four years 1889- 
92, the grand total of the number of stations was brought up to 
882. The additional 677 stations constitute our Second Survey 
the epoch of which is Jan. i, 1891. 

We believe that in no previous case have two such detailed 
surveys of the same area been made within so short an interval 
of time. They therefore afford a good opportunity of testing 
the accuracy with which the positions of the terrestrial isomag- 
netics can be inferred from the observations. 

To explain how this test was applied it is necessary to describe 
(i) how the terrestrial isomagnetics were drawn, (2) how they 
were reduced to the same epoch. In discussing these curves I 
shall confine my attention to the Declination as precisely similar 
methods were used for the Horizontal Force and Dip. 

(l) THE TERRESTRIAL ISOMAGNETICS. 

In both Surveys the country was divided into nine overlapping 
districts, bounded by fixed lines of latitude and longitude, which 
were the same in each case. 

The stations in each district were weighted, so as to make 
the weighted number of stations per unit of area about the same 
everywhere. The point corresponding to the mean of the 
weighted latitudes and longitudes of all the stations in a district 
was called the central station^ and the mean of the weighted 
Declinations was taken as the Declination at that point. The 
rates of change of the Declination per degree of latitude and 
longitude were then calculated on the supposition that they were 
uniform over the whole of each district. Thus the central sta- 
tion of Scotland in the 1891 Survey was at Lat. 56° 38' .2 N. 
and Long. 4° 21' .5 W., and the declination at any place in 
this district of which the latitude and longitude are / and \ 
respectively is given by the formula 

8=20° 58'.4+i3'.i (/- 56.6367) + 32'.5 (X-4.3583) 
where / and \ are to be expressed in degrees and fractions of a 
degree. 
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By means of this and similar formulae the Declination 
was calculated for points within the United Kingdom, which are 
defined by whole degrees of longtitude and half degrees of lati- 
tude. All these values are given in a Table of which the follow- 
ing is a sample taken from a region where three districts overlap. 
The figures in parentheses, at the beginning or end of a row, 
indicate the number of the district from which the figures in the 
row were deduced. Where two or more districts overlap, the 
individual Declinations are given in italics, and the means in 
ordinary type. 

Latitude Longitude 

r W, 6' W. 

(6) 2r I2\6 20"* 40'. 4 

52' 30' 2/8 .4 20 37 .5 (8) 

(9) 21 6 .7 20 36 .0 

(Mean) 21 9 .2 20 38 .0 

From this Table the points were determined where the 
isogonals corresponding to whole degrees of Declination cut the 
lines of latitude, the calculations being made on the assumption 
that the rate of change of Declination with longitude is constant 
within a range not exceeding one degree of longitude. Thus 
the above figures show that the 21° isogonal cuts latitude 52** 30' 
in longitude 

31.2 

The lines drawn on a map by joining these points are not 
continuous curves. The irregularities are due to the facts that 
some of the nine districts are affected with magnetic disturbances 
which extend over large fractions of their areas, and that in 
some places, especially near the coast, the calculated Declina- 
tions depend upon one district only. The discontinuous isogonals 
so obtained are called the district lines or sometimes the district 
curzfes. 

The next step was to obtain a formula which should express 

( 1 ) the values of the Declinations at the Central stations and 

(2) the forms of smooth curves representing the general direc- 
tion of the broken district lines. 

Such a formula has no theoretical value. It is often very 
complicated, and sometimes it is best to employ two formulae 
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for different parts of the kingdom. In spite of these drawbacks 
it is better to use an algebraical expression than to draw smooth 
curves free hand, partly because irregularities which affect a 
large part of one or more isogonals are thus more easily cor- 
rected, and partly because the necessary extra|Jolation near the 
coast line is best made in accordance with the fixed rule, which 
the formula supplies. 

Thus the equation to the Terrestrial Isogonals south of Lat. 
54^ 30' N. on Jan. i, 1891, is 

»= 18' 37' + i8'.5(^— 49-5) — 3'.5cos[45'' (/— 495)] 

+ [26'.3^i'.5(/-49.5)] f^-4) 
+ o'.oi (A— 4)' X (/— 54.5)' 

North of Lat. 54^ 30' the same expression holds good if the 
last term, I. /., o'.oi (A— 4)* X (/ — 545)* be omitted. The 
symbols /and A indicate the latitude and longitude of the place at 
which the Declination is to be determined both expressed in 
degrees and fractions of a degree. 

By means of this formula the Declinations were calculated 
at all points given by the intersections of lines corresponding to 
entire degrees of latitude and longitude. The numbers thus 
found, together with the differences between them were entered 
in a Table of which the following is a sample : 

Ladtade Longiuid e 

10' W. 9= w. 

^3 '4 

55' 23"' 47.4 34''(> 23' 12.8 34 .5 

25' Jb 24 . 1 

54' 23* 21.8 33' , I 22= 48.7 33 .0 

26.7 25' ,4 

53* 22* 55'. I 31,8 22' 23.3 3i\S 

28. o 26. g 

By means of this Table it was easy to calculate the Declina- 
tion at any given place, using the method of proportional parts. 

The evidence for the satisfactory character of the formula 
and of the Table deduced from it is, firstly, that the Declinations 
for the central stations calculated from the Table are in close 
accord with those deduced from the observations. The average 
difference in the nine cases (taken irrespective of sign) is i'.2 
and the greatest difference is 3'. The corresponding numbers 
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for the Horizontal Force were 0.00005 and 0.000 13 C. G. S. 
units, and for the Dip I'.i and 2 '.2. 

Secondly, the isogonal curves deduced from this Table, in the 
same way as the district lines were deduced from that previously 
described, are continuous, and follow the general course of the 
districtlines, except in places where the latter are obviously irreg- 
ular. The greatest divergence is in the North of Scotland where 
the local disturbances are undoubtedly very large. The curves 
thus determined are called the terrestrial isogonals for 1886 or 
1 89 1 according as they are deduced from the First or Second 
Survey. 

DETERMINATION OF THE SECULAR CHANGE. 

It was next necessary to combine the two Surveys by reduc- 
ing them to a common epoch, and as the number of stations in 
the 1886 Survey is comparatively small (205) a great saving of 
labor was effected by reducing the 1886 Survey to the epoch 
1 891.0, instead of choosing an intermediate date, which would 
have involved applying corrections to all the results obtained in 
both Surveys. The systematic differences, if any exist, would 
be the same in either case, and the more laborious method has 
therefore no counterbalancing advantage to recommend it. It 
was thus necessary to determine the secular change between 
1886.0 and 1 891.0 as accurately as possible. 

Three sets of data have been utilized for this purpose. 

(l) SECULAR CHANGE FROM CENTRAL STATIONS. 

The central stations in the nine districts from which the district 
lines were determined in the two Surveys differ but little in posi- 
tion. The small corrections necessary to transfer the values of the 
elements obtained at the central stations of the 1886 Survey to 
the positions of the central stations in 1891 cannot introduce 
important errors. Hence the secular change for the five years 
1886.0 to 1 891.0 can be accurately determined at these nine 
points, and as the values of the Declinations at the Central sta- 
tions are deduced from the means of the results at a large 
number of places, the effects of experimental errors, and of any 
purely local effects, are eliminated. 
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(2) SECULAR CHANGE FROM REPEAT STATIONS. 

As all the central stations lie at some distance from the coast 
it was desirable that the evidence deduced from them should be 
reinforced by observations taken near the borders of the area we 
were studying. 

In 1892, therefore, observations were made at 26 stations, 
which had been included in the earlier Survey. These were not 
scattered uniformly all over the country, but were divided into 
small groups near the coast. The mean value of the secular 
changes observed at each group of stations was assigned to the 
position defined by means of their latitudes and longitudes. 

The groups were lettered from A to G. The secular change was 
taken not from the observations reduced to January i, 1886 and 
1 89 1 respectively, but over the whole interval which elapsed 
between the two sets of observations at the same station. 

From this the secular change for five years was calculated on 
the hypothesis that the rate of change had been constant during 
the interval in question. 

The difference between the results obtained at neighboring 
stations are certainly in some cases much larger than can be 
accounted for by the mere accumulation of errors of experiment. 
They suggest that the question of the existence of small periodic 
variations in the rate of secular change requires more attention 
than has hitherto been devoted to it. 

(3) SECULAR CHANGE FROM MAGNETIC OBSERVATORIES. 

The third group of data at our disposal for the determination 
of the secular change was furnished by the magnetic observa- 
tories. There are now five of these in the United Kingdom, viz., 
Greenwich, Kew, Stonyhurst, Valentia, and Falmouth. 

Observations were not made regularly at the last two until 
after 1886, so that they do not provide a measure of the secular 
change from 1886-91. 

As Greenwich and Kew are very near together, and as the 
final results of the Greenwich observations for 189 1 were not 
published at the end of 1892, when the secular change was being 
calculated, we have depended only on Kew for the South of 
England, and Stonyhurst for the North. 
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The data for Stonyhurst were kindly supplied to us by the 
Rev. W. Sidgreaves. 

Having thus collected all the facts which seemed likely to 
be useful, we prepared a Table of the secular changes at the 
intersections of lines corresponding to whole degrees of latitude 
and longitude, so as to secure a tolerably regular variation of 
the change over the whole country, and also to agree as nearly 
as may be with the results of observation as deduced from the 
central stations, repeat stations, and observatories. We therefore 
arranged these in eight secondary groups according to their 
geographical position. In two cases a secondary group consists 
of only one central station. 

As an example I give the comparison between the observed 
secular change in five years deduced from the two groups of 
repeat stations (A and B) and the central station (I) which form 
the secondary group of stations situated in Scotland. 

SECULAR CHANGE I 886- I 89 I. 





Declination 




Dip 


Horizontal Force 




Observed 


Table 


Observed 


Table 


Observed Table 


Group A 


-38 '.0 


-38'.7 


-4'.5 


-4'.6 


-f 0.00089 +0.00100 


Group B 


—36 .8 


-39 .8 


-3 .6 


-5 .2 


83 106 


C. S. I. 


—39 .2 


-37 .9 


-5 .6 


-5 .3 


128 103 


Mean 


—38 .0 


-38 .8 


— 4 .6 


-5 .0 


100 103 



This and other similar results proved that the Table of Secular 
Change was, in each district, in close accord with the means of 
the different values of the secular change obtained in that district ; 
while the means of all the eight secondary groups were as fol- 
lows : 

Observed Table 

Declination —36 '.4 —36'.! 

Dip - 6'.2 - 6.3 

Horizontal Force +0.00105 +0.00106 

We thus obtained a Table of Secular Change which agrees 
closely with the average result of observation over the whole 
area of the Survey, and assured ourselves that this agreement is 
not due to serious errors in different parts of the country neutral- 
izing each other. That these precautions were necessary is evi- 
dent from the fact that the change of declination in five years 
varied from 29'.! in the extreme southeast of England, to 42 '.3 
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in the northwest of Scotland. In like manner the change of 
Dip was 4'.o in the northeast of Scotland, and 8'.o in the south- 
west of Ireland, while that of the Horizontal Force was 0.00090 
in East Anglia and 0.00122 in southwest Ireland. 

These details as to the methods of drawing the terrestrial 
isomagnetics and determining the secular change are given, to 
show that these operations were conducted in a methodical way 
and that an attempt was made to follow definite rules of pro- 
cedure. We may now pass on to consider the results of the 
comparison of the two sets of isomagnetics obtained by the two 
Surveys. 

COMPARISON OF THE ISOMAGNETICS. 

In the account of our earlier Survey we published tables of 
the calculated values of the elements at the intersections of the 
whole degrees of latitude and longitude for the epoch 1886.0. 

By adding (algebraically) to these the secular changes for the 
five years 1886-91 taken from the Table described above we 
obtain values which, if the terrestrial isomagnetics for 1886 and 
1 89 1 were absolutely correct, and if the secular change had been 
perfectly determined, would agree with the numbers in the cor- 
responding Table obtained quite independently from the second 
Survey for the epoch 1 891.0. This precise agreement cannot 
be attained in practice, and the differences between the values 
deduced from the two calculations serve as a measure of the 
accuracy with which the calculated values of the elements can be 
determined when freed from the effects of local disturbance. In 
the full paper we make this comparison at 91 points, of which a 
few are in the sea at some little distance from the coast, so that 
the test is a severe one. It must also be remembered that the 
irregular shape of the British Isles adds very much to the diffi- 
culty of determining accurately the positions of the isomagnetics. 
In the following Table, therefore, I give not only the numbers 
which refer to all the points of comparison but also those deduced 
from 28 points which, though some of them lie in the Irish Sea, 
are remote from the external coast line, and are therefore distant 
from the border of the Survey. These points are regularly dis- 
tributed on or within the following lines, [Lat. 52**, Long. 2^ 
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W., Lat. 55° and Long. 8^ W. In the Table the average differ- 
ences are of course taken without reference to sign. 





Average difference between the 


two 


) calculated values 


Corresponding distances 






of the elements ; 


at 


in miles between the two 




(x) 


All points 


(a) 


38 internal points 


sets of isomagnetics 


Declination 




I '.4 




• 


r.i 


1.7 1.4 


H (C. G. S.) 




0.00022 






0.000 1 1 


4.0 2.0 


Dip 




I -3 






0.9 


2.6 1.8 


Mean 




• • 






• • 


2.8 1.7 



It appears from this Table that we have been least successful 
with the lines of equal Horizontal Force, for the equation to 
which we found some difficulty in obtaining a satisfactory 
expression. 

The general conclusion seems to be that if two perfectly inde- 
pendent determinations of the positions of the terrestrial isomag- 
netics are made five years apart, and reduced to the same epoch 
by such means as we adopted, the average distance between either 
of the two sets of lines and the mean of the two will not exceed 
a mile and a half (say 2.2 kilometers) even when the survey is that 
of a country, which, like the United Kingdom, is very irregular in 
outline, and includes relatively large areas of basalt on which 
there are very great local disturbances. 

In the center of the region surveyed, the doubt as to the true 
position of the lines need not, on the average, exceed 1500 yards 
(say 1.4 kilometers). 

Of course these magnitudes will in part depend on the change 
per degree of the magnetic element in the district under consid- 
eration, but they may serve as illustrating the order of the 
accuracy which is attainable. 

The largest differences between the positions of two corres- 
ponding lines rarely exceeded twice the average difference, and the 
positions at which they occurred were always either without or 
just within the coast line. 

It is interesting to compare the average deviation from the 
mean of the calculated values of the elements at the 28 internal 
points, with the probable error of the observations. In calculat- 
ing this latter quantity we deal only with observations made in 
the field, on the same spot, and in most cases on the same day. 
Some sources of error are therefore excluded which affect the 
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• 

results when the operations are repeated after relatively long 
intervals of time, with different instruments and by different 
observers, and therefore perhaps not exactly in the same position. 
The comparison as made with this restriction is exhibited below. 

Probable error of Deviation from the mean 

observed values of the calculated values 

Declination dr 0.6 db O'.SS 

H (C. G. S.) ± 0.00006 ± 0.000055 

Dip ifc 0.4 dr 0.45 

Hence we arrive at a result, which must be regarded as satis- 
factory, that the accuracy of the calculated values is about equal 
to the probable error of an observation when both are determined 
under the most favorable conditions. A further discussion of 
the magnitude of the errors of experiment which may arise when 
this limitation is withdrawn will be found in the next section. 
As the errors are then much larger, the proof that the method 
of calculating the undisturbed values of the magnetic elements 
is sufficiently good is even stronger than that supplied by the 
above figures. 

PART II. 

ON THE ACCURACY OF THE DETERMINATION OF THE 
LOCAL DISTURBING MAGNETIC FORCES. 

It need hardly be said that the main object of so elaborate 
a Survey as that we have carried out was not so much to define 
the precise positions of the terrestrial isomagnetics, though this 
was essential to our purpose, as to study local magnetic disturb- 
ances. The method we adopted for determining the Disturbing 
Forces at any given place was the simplest and most obvious, 
but, as far as we are aware, it had not previously been used in 
working up surveys of districts as large as the United Kingdom. 
The magnetic elements given by direct observation were the 
Declination, Horizontal Force, and Dip. From these the 
northerly, westerly, and vertical components of the magnetic 
force were determined. The calculated values of the same 
quantities for the same geographical position were found from 
the formulae or tables described above. The differences between 
these quantities gave the corresponding components of the Dis- 
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turbing Force, and from the first two of these the magnitude of 
the resultant Horizontal Disturbing Force and the angle it made 
with the geographical meridian were determined. The Vertical 
Disturbing Forces were taken as positive when they urged the 
north-seeking pole of the needle downwards. These values were 
entered on a map, positive disturbances being indicated by red, 
and negative by blue figures. Lines, called respectively ridge 
and valley lines, were then drawn through the loci of maximum 
and minimum Vertical Disturbing Force. The Horizontal Dis- 
turbing Forces were depicted by arrows, and it was found that 
(with few exceptions) these were directed to the ridge lines. The 
directions of the arrows at the stations through which the ridge 
lines passed enabled us to correct the positions of the lines, by 
moving them to that side of any station towards which the arrow 
pointed. 

These operations were first performed in the case of our 
earlier Survey, the data at our disposal being those derived from 
205 stations only. Of course it was to be expected that the 
additional information since acquired would add to our knowl- 
edge of details, but it appeared to us to be of great importance 
to determine whether the second Survey when treated quite 
independently led to the same conclusions as to the positions of 
the districts from which the principal Disturbing Forces ema- 
nated. 

Eight such regions were detected in our earlier Survey. In 
them the two independent tests of the existence of a locus of 
magnetic attraction were satisfied, viz., that the Vertical Disturb- 
ing Force over it is higher than at neighboring places, and that 
the Horizontal Disturbing Forces are directed towards it from 
each side. It is satisfactory to be able to state that these two 
conditions are both fulfilled by the later Survey with regard to 
the same districts, which are again shown to be the most impor- 
tant magnetic features of the United Kingdom. The only region 
in which our previous conclusions appear not to be in exact 
accord with the facts is near the Hebrides. There is there some 
doubt as to the direction of a ridge line of which a considerable 
portion must, in any case, run beneath the sea. The agreement 
between the two Surveys, when treated as independent, and each 
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reduced to its own epoch, is illustrated in our paper by a map 
on which the positions of the eight ridge lines are shown as 
deduced from the earlier and later investigations respectively. 

If, however, as is most desirable, the whole of our work is to 
be reduced to one epoch it is important to remember that the 
dififerences between the isomagnetics deduced from the two 
sur\'eys will affect the absolute values of the disturbing forces, 
even if they do not interfere seriously with their relative values 
at neighboring stations. 

Thus confining our attention at first to the vertical disturb- 
ance it is very convenient to regard this quantity as fixing the 
magnetic level or elevation of a place. This elevation is measured 
from an arbitrary datum plane, the position of which is deter- 
mined by the terrestrial lines of Equal Horizontal Force and 
Dip. The two surveys might and do agree in indicating the 
same districts as those of high magnetic elevation, but unless the 
heights are measured from the same datum we cannot, without risk 
of serious error, combine them in tracing ridge or valley lines. 
It is also improbable that the difference between the two planes 
of reference would in general be the same everywhere. We 
should rather expect that they would be inclined to each other 
at a small angle. These considerations are the more important 
since the absolute differences between the two calculated values 
of the Horizontal Force are, in the case of the Vertical Force, 
multiplied by the tangent of the angle of Dip which, in Great 
Britain, varies between 2.5 and 3. Hence we find that between 
the North Sea and the Atlantic there is a relative change of 
0.00376 C. G. S. units of Force in the position of the datum 
planes of our two surveys. 

The direction of the slope is such as to indicate that the 
Vertical Force Disturbances deduced from our earlier survey were 
too great in the south and east and too small (algebraically) in the 
north and west. In our first memoir (p. 266) we drew attention 
to the fact the distribution of the vertical disturbances suggested 
the existence of an error of this kind, and I returned to the 
subject in another paper {Proc. Roy. Soc. Vol. 48, p. 532, 1890) 
published before the observations had been made on which the 
new terrestrial lines are based. It is therefore satisfactory to 
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know that the correction introduced by the later observations is 
of the kind we anticipated. 

We decided to take the mean points between the two sets of lines 
when reduced to January i, 1 891, as the final terrestrial isomag- 
netics for that epoch. All the disturbing forces were recalculated, 
using these tneaii isomagnetics, and it is upon these that we base 
our description of the magnetic state of the United Kingdom. 

It must be remembered that it has already been shown that 
both surveys agree in their delineation of the principal magnetic 
features of the United Kingdom, and that therefore it is only in 
details that any inaccuracies can be introduced by combining 
them in this way. 

Nevertheless, we thought it desirable to investigate further 
whether there was in any district a residual error which might 
make the stations of either survey peculiar by relatively great 
Vertical Force Disturbances. The best way of putting this to 
the test appeared to be by a comparison of the Vertical Disturb- 
ances as deduced from the two sets of observations at each of 
the 25 repeat stations when referred to the mean terrestrial lines. 
If in any part of the country the average difference (taken with- 
out reference to sign) between the two values of the Vertical 
Disturbing Force exceeded the average error of experiment this 
fact would prove that errors were introduced by the method of 
treating the observations, and most probably by the reduction to 
a common epoch. 

To investigate this point it is necessary to determine what is 
the average difference between two absolutely independent 
measures of the Horizontal Force and Dip. 

In the account of our earlier Survey we showed that if the 
measurements ordinarily made in determining a single value of 
the Horizontal Force are divided into two independent groups, 
the probable divergence from the mean is dz 0.000028 (C.G.S.) 
giving a probable difference of dz 0.000056. 

In the later Survey the comparison was made in a less labori- 
ous way. Two measurements of the period of vibration were taken 
at the same station at different times. One of these was com- 
bined with the deflection, which was only measured once at each 
place ; from these observations the Horizontal Force and the 
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moment of the magnet were then determined. The moments 
thus found during the whole of the summer were plotted, and a 
smooth curve drawn as nearly as possible through them. From 
this curve the value of the moment at each station was deduced 
and combined with the second vibration to calculate another 
value of the Horizontal Force. The conditions of the comparison 
being more varied the difference was greater than before, 
amounting to 0.00013. This is in good agreement with results 
obtained during the earlier Survey when, on eight occasions, we 
repeated' the Horizontal Force observations at the same or at 
closely neighboring stations at intervals of less than two years. 
The probable difference was 0.00015, the mean difference being 
0.00017. When the interval between the experiments is greater 
than in these cases, so that the correction for secular change 
becomes more important ; when they are made by different 
observers and the precise identity of the position occupied is 
more doubtful, and when different instruments are used (even 
though they have been carefully compared), or when the com- 
parison-correction to be applied to the instrument has altered 
appreciably, the error would be further increased. On the 
whole, then, we think that two absolutely independent measures 
of the Horizontal Force made five or six years apart and 
reduced to the same epoch would generally differ by 0.00020, 
that is by about 0.0012 of the whole value of the Horizontal 
Force in Great Britain. 

On this account alone the difference between the determina- 
tions of the Vertical Force would vary from 0.00050 in the 
south of England to 0.00060 in the north of Scotland, the mean 
being 0.00055. 

To this must be added the effect of errors in the Dips, and 
taking the difference of two measurements to be i ' , the cor- 
responding difference in the tangent of the angle of Dip will be 
about one-thousandth part of its value. Hence the discordance 
in two measures of the Vertical Force due to the Dip will be 
o.ooi X 2.5 X 0.185 = 0.00045 in the south of England, and its 
value is practically the same in the north. Combining the two 
quantities 0.00055 ^tnd 0.00045 according to the law of errors we 
find that the probable divergence of two measures of the Vertical 
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Force made under the specified conditions is : 

0.00005 X I ii'+9' = o.ooo70. 

The mean of the differences of the two measures of Vertical 
Force made at 25 repeat stations at intervals of from four and 
one-half to eight years was 0.00066, so that they are completely 
accounted for by the errors of experiment, and by such irregu- 
larities of secular change as a comparison of the records of 
Greenwich and Kew reveals. It does not therefore appear that 
the results can be affected to any appreciable extent by residual 
errors of any kind. In each of the seven groups into which the 
25 stations are divided according to their geographical position, 
the mean difference taken with respect to sign is less, and in 
most cases very much less, than the mean taken when the sign 
is disregarded. This proves that there is no tendency for 
residual errors to accumulate in any part of the area of the 
Survey. 

It is probable that some magneticians may think that in the 
above discussion I have overestimated the errors of experiment, 
and it is true that the values given are much larger than those 
which are generally assigned to them. 

I must, therefore, once more insist on the great difference 
between the error of experiment when deduced from the results 
of observations taken consecutively on the same occasion, and 
when calculated from observations taken after an interval, when 
all the conditions are varied. 

The latter is so much larger that I cannot but think that the 
accuracy of the knowledge derived from magnetic surveys is 
often overestimated because, unlike ourselves, the observers 
have had no special reason for determining the magnetic ele- 
ments at any of their stations on two occasions separated by a 
considerable interval of time. The observations should be 
made with every precaution. To avoid difficulties due to acci- 
dental blunders and to test the accuracy of the work it is desir- 
able that at many of the stations each observation should be 
repeated twice on the same day. But when this has been done 
the error of experiment is so much less than that deduced from 
observations taken after a considerable interval with all the 
conditions varied, that multiplication of measurements on the 
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same day is of little use except for some special purpose, such 
as the determination of the diurnal range. 

However this may be, it is satisfactory to record that the 
accuracy we attained was quite sufficient for our purpose. 

The range of the magnitude of the Vertical Disturbing 
Force in Great Britain, at places where the surface is comprised 
of sedimentary rocks, is about 0.00600 C. G. S. units. On 
granite and gneiss the range is doubled, and in the neighbor- 
hood of basalt it may be enormously increased. As, therefore, 
a single measurement does not on the average give a result cor- 
rect to within dz 0.00033 C. G. S. units, we conclude that, 
although a doubt may sometimes arise as to the relative mag- 
netic levels of two stations, the mean levels of groups of sta- 
tions can be determined with adequate accuracy. No essential 
change which would alter to any important extent the positions 
of the principal ridge lines as shown on our maps would be pro- 
duced if the Vertical Force Disturbances were arbitrarily 
increased or diminished by 0.00033, even if the alterations were 
designed to produce the maximum change in the form of the 
lines. 

Turning next to the Horizontal Force Disturbances, we have 
not based any of our conclusions on the magnitude of these 
quantities, but we have made use of their directions to indicate 
the positions of the ridge and valley lines. By comparing the 
results obtained at the repeat stations we conclude that on the 
average our results as to the directions are correct to dz 9°.5 
when the two observations are referred to the two independent 
sets of terrestrial isomagnetics, but that this uncertainty is 
reduced to di 6^.5 if they are both referred to the mean isomag- 
netics. 

It is evident, however, that no certain conclusions can be 
drawn as to the direction of the Disturbing Force unless the mag- 
nitude of the Disturbing Force is considerably greater than the 
error of experiment. We have therefore adopted 0.00030 C. G. 
S. units as the limit of the magnitude of the Horizontal Dis- 
turbing Force, below which the calculated value of its direction 
cannot be relied on. In the case of three of the repeat stations 
the force in question falls below this limit. At eight out of the 
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remaining twenty-two stations the directions of the Horizontal 
Disturbing Forces, determined by observations made several 
years apart, are so nearly identical that we cannot depict them 
separately on the scale on which our maps are drawn. An 
inspection of the remaining fourteen pairs of directions is suffi- 
cient to show that our conclusions would not be affected if we 
were arbitrarily to reject either of the directions at any station. 

On the whole then this discussion of the data on which our 
conclusions are founded is sufficient to prove that the accuracy 
attained is amply adequate for the discovery and delineation of 
ridge and valley lines, and of magnetic districts in which Dis- 
turbing Forces tend toward fixed lines or centers. The remark- 
able agreement between the results obtained at neighboring 
stations, even when the Disturbing Forces are small, is also evi- 
dence that we have not underestimated any uncertainty which 
affects the data at our disposal. 

Having now investigated the accuracy with which the ter- 
restrial isomagnetics can be drawn and the Disturbing Forces 
determined, the next step in the development of our subject is 
to trace the ridge lines and determine the boundaries of the 
magnetic districts of which they are the central features. This 
cannot be done without frequent reference to a map, and in this 
brief summary I must avoid detail and confine myself to a gen- 
eral statement of our principal conclusions. To give some idea 
of the importance of the chief ridge lines I may state a few 
facts with regard to one of them which we have named the Lin- 
colnshire and Yorkshire line. (See Fig. i, p. 123, in which the 
arrows show the directions of the Horizontal Disturbing Forces.) 
We can trace its course without difficulty for 170 miles (say 270 
kilometers), and at both ends a connection is indicated (though 
less clearly) with other loci of magnetic attraction. At between 
fifty and sixty places the Horizontal Disturbing Force is 
directed towards the line, and ten points on the line, which [are 
on the average about sixteen miles apart, are found to lie 
between pairs of places the average distance between which is 
twelve miles, so that the mean error does not exceed ± 6 
miles. 

But in addition to lines which are thus clearly indicated both 
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by the Vertical and Horizontal Disturbing Forces the more 
detailed Survey has enabled us to detect minor peculiarities 
which would have escaped notice in any less complete investi- 
gation. Thus it is often possible to follow for some distance a 
line of maximum Vertical Disturbing P'orce, on which the values 
of the Vertical Disturbances are either absolutely small or but 
little exceed those at neighboring stations. Such lines may 
exert comparatively little effect on the Horizontal Disturbing 
Forces, but they are often found to connect regions of high Ver- 
tical Force which would otherwise appear entirely isolated, and to 
explain apparent anomalies in the directions of the Horizontal 
Forces. The magnetic phenomena which they exhibit are such 
as would be produced by vertical dyke-like sheets of magnetic 
matter, of which the horizontal thickness was small compared 
with either the horizontal length or the depth. Such vertical 
laminae would produce greater effects upon the Vertical than 
upon the Horizontal Force. The two vertical faces would be 
oppositely magnetized, and would largely neutralize each other's 
effects. The lower horizontal face, being narrow and relatively 
distant, might be neglected. The upper horizontal face would, 
therefore, be the most important. For the purpose of illustra- 
tion let it be regarded as an infinite straight line at a depth d 
below the surface. The Vertical and Horizontal Disturbing 
Forces would be equal, and the latter would be a maximum at 
points on the surface at a distance d from that vertically above 
the line. Let them at that point be equal to 0.00030 C. G. S. 
units, i. e., to the limit of the accurate determination of the 
direction of the Horizontal Disturbance. 

Under these conditions the Horizontal Disturbance would 
everywhere else be less than that limit, and thus the disturbing 
cause would not produce any clearly marked effect on the Hori- 
zontal Forces. On the other hand throughout a strip the 
breadth of which was equal to twice the depth of the disturbing 
line the Vertical Disturbance would vary between 0.00030 and 
0.00060 C. G. S. units. The larger of these quantities is nearly 
double, the smaller is about equal to the average error of the 
determinations of the Vertical Force Disturbance. 

Hence the effect of the line on the Vertical Force would be 
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detected, while the Disturbance of the Horizontal Force would 
probably escape notice. This result would be still more likely 
to follow if the line ran through a region subject to other dis- 
turbances, due to more distant but more powerful centers of 
attraction. These might give to the Horizontal Forces direc- 
tions altogether independent of the minor ridge, the existence 
of which might nevertheless be traced by a clearly marked, 
though comparatively unimportant line of relative maxima of 
the Vertical Disturbances. Such lines may be regarded as sec- 
ondary ridge lines. They connect all the principal magnetic 
districts, and generally so clearly and simply that we cannot 
but believe that they are the less conspicuous parts of the mag- 
netic system, of which the more prominent features were discov- 
ered in our earlier work. 



Fig. t. 
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Another advance which we have been able to make in one or 
two places is accomplished by investigating disturbances of the 
second order of magnitude*. If the whole of a relatively small 
area is subject to the dominant influence of a widespread mag- 
netic disturbance, the forces due to which are nearly uniform 
over the whole of the area, the effects of some more local cause 
may be detected by a method of taking the differences from the 
mean values similar to that which we have applied to the coun- 
try as a whole. Thus the Cheviot Hills on the Scotch border 
are composed of non-basic igneous rocks. To the north of 
them is a very powerful ridge line, and the Horizontal Disturb- 
ing Forces at all stations in the neighborhood of the Cheviots 
with one exception (Kelso) are directed northwards. The 
mean northerly and westerly components of the force at the 
eight stations which surround but are clear of the igneous rocks 
are 0.00038 and 0.00006 respectively. Subtracting these 
regional forces from the corresponding components at the eight 
stations and at two others (Jedburgh and Kelso) which are 
closer to the center of the disturbance we find that two places 
distant about 10 and 12 miles respectively from the crystalline 
rocks are not affected by their presence, but at the five stations 
which are nearest to the hills the purely local Horizontal Dis- 
turbing Force is directed towards them. At the remaining 
three places the directions of the forces are not towards the vis- 
ible igneous rocks, but they are so altered as to show that a 
minor ridge line runs through and to the west of them, thereby 
perhaps indicating an underground extension of the magnetic 
matter. Hence when the Disturbing Forces are cleared of the 
regional components they clearly indicate a feeble local attrac- 
tion due to the Cheviot Hills, and further make a suggestion of 
geological interest as to the conformation of the hidden rocks. 

' Dr. van Rijckevorsel has inde|>endently adopted a similar plan in the discus- 
sion of his recent Magnetic Survey of Holland. 
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PART III. 

ON THE RELATION BETWEEN THE MAGNETIC AND THE 

GEOLOGICAL CONSTITUTION OF GREAT 

BRITAIN AND IRELAND. 

In the memoir of which this paper is a brief summary we 
have carefully distinguished between the problem of determin- 
ing the positions of the loci and centers of magnetic disturb- 
ances, and that of explaining the means by which the Disturbing 
Forces are produced. On the latter point there may be some 
difference of opinion. 

The most probable causes of the Forces are electrical 
Earth currents and magnetic rocks, or both of these combined. 
It may be desirable to give an outline of the evidence which leads 
me to believe that the presence of magnetic rocks is the more 
potent of these sources of disturbance. 

Melton Mowbray in Leicestershire is the seat of a rather 
powerful local disturbance. The surface soil is non-magnetic, 
so that the situation is convenient for testing the Earth current 
theory. 

During our First Survey Mr. Preece, F. R. S., who was then 
chief Electrician to the General Post Office, was good enough to 
have measurements made of the potential differences between 
Melton Mowbray and several post offices at distances of from two 
to nine miles from that place. No relation whatever could be 
established between the direction of the Earth currents and that 
of the abnormal deviation of the magnet. Also the ratio of the 
potential difference per mile to the declination disturbance, 
when every assumption was made so as to favor the hypothesis 
under investigation was at Melton only 0.015 of the average 
value of the same quantity as determined at Greenwich from 
measurements made during twenty magnetic storms. As 
the direction of the Horizontal Disturbing Force at Melton is 
much altered within a mile and' a half, and is reversed within 
seven miles, whereas in magnetic storms the effects produced 
are simultaneous over vast areas, the fact that the ratio of the 
supposed cause to the effect is some 66 times less in the case of 
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the local disturbance than is that of the magnetic storms, though 
not conclusive, is certainly opposed to the view that the local 
disturbance is produced by Earth currents. 

Of course it may be urged that the currents may be deep 
seated, and cannot be detected by a measurement of the electro- 
motive forces which are measured close to the surface, but the 
fact that the direction of the Disturbing Force is completely 
altered within a few miles is not consistent with the suggestion 
that it is due to causes which emanate from very great depths. 

While, however, direct experiment fails to support the Earth 
current theory it does, on the other hand, prove that the mag- 
netization of hidden masses of rock by the induction of the 
Earth's field is sufficient to account for the observed facts, even 
if the concealed rocks are not more magnetic than the basalts 
and gabbros which are found on the surface. 

The main difficulties in measuring the magnetic properties of 
rocks are the facts that numerous specimens must be examined, 
as those gathered a few yards apart may differ considerably ; 
and that any method of determining the permeability which 
involves shaping the specimen to a particular form is practically 
inadmissible if large numbers are to be dealt with. 

To meet these requirements I devised the following scheme 
{^Proc. Roy, Soc, Vol. 48, 1890). A series of standard magnetic 
fluids were made by suspending magnetic oxide of iron in vari- 
ous proportions of glycerine. The susceptibilities of these mix- 
tures were determined absolutely by the magnetometer method, 
and specimens of the rocks were compared with them by means 
of Professor Hughes' induction balance. For this purpose equal 
volumes of a mixture were placed in two similar test tubes, 
which were inserted in the cups of the balance, and the tele- 
phone was reduced to silence by means of a compensator. The 
rock to be tested was now immersed in one of the mixtures, and 
an equal volume of the liquid having been abstracted, the zero 
was redetermined. Two mixtures were thus found, to the sus- 
ceptibilities of which that of the rock under experiment was 
intermediate, and from these the susceptibility of the rock could 
be calculated by the method of proportional parts. 

A large number of specimens of basalt and gabbro were 
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placed at my disposal by my colleague Professor Judd, F. R. S. 
The average magnetic susceptibility of all the specimens from 
the west of Scotland and from Ireland was 0.00245, that of the 
specimens from Mull was 0.0016. I have since examined 
samples of Australian rocks with very similar results. i^Pro. 
Roy, Soc, New South Wales, ]utie 6, 1894, p. 51). 

Having thus obtained some knowledge of the average mag- 
netic properties of basic rocks it was easy to calculate the Dis- 
turbing Forces which the presence of such rocks would produce 
if they were magnetized by induction in the Earth's field. I 
assumed that at a depth of 12 miles (20 kilometers) the tem- 
perature would be so great that magnetite would lose its mag- 
netic properties, and compared the forces due to large slabs of 
basalt of a thickness less than this depth, with the mean Disturb- 
ing Forces observed on the surface. 

The permeability of the magnetic rocks being very small each 
side of a rectangular mass will be uniformly magnetized, and the 
problem of finding the magnetic forces is reduced to that of 
finding the resultant forces exercised by rectangular plates of 
attracting or repelling matter of constant density (o-). 

If #c is the susceptibility of the material and F is the Earth's 
field resolved perpendicular to the plate, o-=kF. 

The forces may be expressed in various ways. The formulae 
I have usually employed are as follows : Through a point P let 
planes be drawn perpendicular to the plate and parallel to its 
edges. Let the points on which these meet the edges of the 
rectangle or the edges produced be joined to the point, and let 
these lines make angles <^3"and <^^^, $^ and $^ with the normal. 

Then the component perpendicular to the plate is 

o-lsin"' (sin<^aSin^a) — sin~' (sin<^a sin^,) — sin"' (sin<^, sin^a) 

+ sin~' (sin^, sin^,)]-- 

The component parallel to the plate and to the plane of the 
<A's is 

^ j loge(cos<^, sin $^-\- Ji — sin " ^2 sin '<^,) — lege (cos <^a sin ^, 
+ ^i — sin'^, sin*<^2) — log^ (cos <^, sin^, + Ji — sin'^, sin'<^,) 

+ lege (cos <^a sin ^, + V^ ~ sin^^, sin*<^,) i ' 
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The component parallel to the plate and to the plane of the 
^'s is obtained from the last by writing <^ for B and vice versa. 

For the details of the calculations I must refer to the original 
paper. It is perhaps sufficient to say that it is there proved it is 
quite possible to imagine a distribution of magnetic matter at 
depths between 135 meters and 20 kilometers, and of no greater 
permeability than the Mull basalt, the mere presence of which 
in the Earth's magnetic field would produce Vertical Disturbing 
Forces of the same order of magnitude as those actually 
observed in Great Britain and Ireland, and Horizontal Disturb- 
ing Forces rather larger than those given by experiment. 

Similar calculations have been applied to a number of special 
cases with results which are always conformable to the theory.* 

The magnetic rock theory is unquestionably open to the 
criticism that whereas it attributes Disturbances which extend 
for scores or even hundreds of miles to magnetic rocks, large 
masses of such rocks often produce little or no effect at what are 
regarded as surprisingly small distances. 

It is therefore desirable to show that results, which are at 
first sight discordant, do not in any way invalidate the hypoth- 
esis. Some of them can hardly be said to support it, as the 
bases of the magnetic masses are concealed underground, and in 
the calculations, assumptions which are unproved and are per- 
haps incapable of proof,* have to be made as to the forms of 
these concealed foundations. All that can be done is to show 
that the different results are compatible with, and are therefore 
not valid evidence against the rock theory. 

The discussion may be divided into five heads, viz., the rela- 
tions of magnetic ridge lines or centers of attraction to : 

(i) Dykes, basaltic sheets, and isolated masses of trap the 
largest linear dimensions of which do not exceed a mile or t\vo. 

(2) Districts which are either entirely basaltic or in which 
numerous masses of trap appear. 

(3) Non-basic masses of igneous rock. 

(4) Faults. 

(5) Regions in which the arrangement of the rocks is anti- 
clinal. 

' In the remainder of this paper there are large quotations from the original memoir. 
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As to vertical dykes or horizontal sheets of basalt the thick- 
ness of which is small when compared with their other dimen- 
sions, it is easy to show that the Disturbing Forces would be 
largest close to the edge. The opposite sides of such a magnetic 
plate would be oppositely magnetized, and the forces would be 
almost exactly balanced unless the distance from the edge is a 
small multiple of the thickness. 

Thus even if the outcrops of the dykes and sheets were infi • 
nitely long, and if the vertical dimensions of a vertical dyke, and 
the horizontal extension of a horizontal sheet were infinite, their 
magnetization by the Earth's field could not produce disturbing 
forces which could be detected at a distance from their edges 
equal to six times their thickness unless they were much more 
magnetic than basalt ordinarily is. 

These considerations may be applied to explain the small 
magnetic effects of relatively large groups of basic rocks. 

For this purpose it is convenient to exhibit in a table the 
Forces due to a rectangular mass of basalt, of which the top and 
bottom surfaces are squares and the sides are vertical, when it is 
magnetized by the Earth's magnetic field in the United King- 
dom. 

We will suppose the mass to be so arranged that two sides 
are in the magnetic meridian. The other two are, therefore, 
magnetized by the horizontal component of the Earth's field. 

The point, for which the Disturbances are calculated, is in 
the vertical plane which bisects these two sides, and in the plane 
of the upper surface. All lengths are expressed in terms of that 
of a horizontal side of the parallelopipedon. 

The Forces are calculated for the two susceptibilities 0.0016 
and 0.0024, and are taken as positive when directed toward the 
basaltic mass. 

The Disturbances are in term of o.ooooi C. G. S., i. ^., o.oooi 
metric units. The results are as follows : 



Depth 
edge 


Distance 
from near- 
est face 


Horizontal 

K — 0.00x6 


Disturbance 

K — 0.0094 




I 

'A 
I 


13 or— I 
51 or 9 
5 or— 2 
24 or 3 


18 or — 2 
76 or 13 

7 or —3 
36 or —5 
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The values given in each case are for corresponding positions 
on opposite sides of the mass. The Forces due to the hori- 
zontal faces are in each case the same, but those produced by 
the vertical faces change sign according as the point is mag- 
netic north or south of the rock. 

If we suppose that instead of being vertical the nearer face 
of the rock has a slope of i in 8, the Forces at distant points are 
increased. One example will suffice. 

Depth Distance 

edge from near* Horizontal Disturbance 

est face 

X I 24 36 

It is evident from the first set of figures that the Forces at 
distances such as those for which the calculations are made, 
diminish very rapidly with the vertical thickness of the plate. 

Thus, if a mass of basalt, a mile and a half square, of sus- 
ceptibility 0.0024, were three-eighths of a mile, i, e,, say 2000 
feet thick, the Horizontal Disturbance a mile and a half from it 
would be quite negligible, amounting to only 0.00007 C. G. S. 
units towards the rock on one side, and 0.00003 away from it on 
the other. 

If the susceptibility were not greater than that of the Mull 
specimens, the columnar mass might be 4000 feet deep, and yet 
produce at points a mile and a half distant Horizontal Disturb- 
ances far below our limit of the accurate determination of direc- 
tion. It will be remembered that this limit is 0.00030 C. G. S. 
units, whereas the forces in question are 0.00013 and o.ooooi 
units respectively. 

These calculations throw light upon observations made near 
Titterstone Hill in Shropshire, as they explain a negative result 
obtained near to it. The hill consists of two masses of basalt, 
of which the larger is about two miles long and one mile wide. 

Basaltic pipes or feeders may extend downwards to an indefi- 
nite depth, but the sheet is of small thickness and has been 
pierced by the shafts of coal mines. 

It is immediately surrounded by a narrow band of the coal 
measures, which are succeeded by the Old Red Sandstone. 

Observations were made on the east and west sides at Bit- 
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terley and Hopton Wafers, at points about a mile and a half 
from the basalt. 

The result was that the Horizonal Disturbing Force at Bit- 
terley acted nearly due west, i, e., at right angles to the line 
joining the station to the center of the basalt. Hence, no rela- 
tion whatever was established between the directions of the Dis- 
turbing Forces and the magnetic rocks. 

This result is in conformity with the above calculations, but 
it may be observed it has more than a merely negative value. 
If a relatively thin sheet of basalt were extruded through pipes 
communicating with a deep-seated magma, it is conceivable that 
in some cases the position of the outflow might have been deter- 
mined by the nearer approach of the magma to the surface. 

If this were the case, and if the top of the concealed under- 
ground basaltic fold were at a moderate depth, it is possible that 
attractions in play in the neighborhood of the visible magnetic 
mass, which could not be due to it, might be caused by its con- 
cealed foundations. Thus the absence of attractive forces a 
mile and a half from Titterstone Hill proves that there is beneath 
it no very remarkable pillar-like prominence on the basic sub- 
stratum. 

Conclusions such as these are important, a showing that even 
within moderate distances of relatively large masses of basalt 
the regional forces may be determined free from all purely local 
disturbance. 

BASALTIC DISTRICTS. 

We now turn to the apparently inconsistent deduction that, 
in spite of this fact, magnetic rocks may account for ridge lines, 
which appear to dominate very large areas. 

In such cases we have to assume (i) that the vertical thick- 
ness of the mass is much greater than has hitherto been supposed, 
and (2) that it extends laterally underground to great distances 
from the points where it occurs on the surface. 

These assumptions must, we think, appear reasonable, though 
in some cases, no known geological facts may warrant them. 

It must, however, be remembered that the knowledge of geolo- 
gists is practically confined to a few thousand feet from the sur- 
face, and in many cases does not extend so far. 



1 32 A. IV, RUCKER [Vol. I. No. 3] 

But the magnet would be capable of detecting large masses 
of magnetic rock at a depth of several miles, and the theory we 
are discussing can hardly be entertained unless we can assume 
that such masses exist. 

Nor is the hypothesis of the lateral extension of trap rocks 
for great distances around the points where they appear on the 
surface negatived by the fact that the sides of the visible mass 
are vertical, or that it is known to be a relatively thin sheet. 
The surface basalt may spring from a great underground fold of 
magnetic matter, which may slope gradually away from the area 
at which more or less accidental circumstances determine the 
form of the extruded mass. 

If, however, this is so, we must draw attention to the fact 
that these considerations reduce the significance of the particular 
place or places where the rocks appear. The highest point on an 
island may be at one end. Mountain chains do not culmi- 
nate exactly at their centers. In like manner the point at which 
an underground mass of basalt reaches the surface may or may 
not lie on the magnetic ridge line which marks the points where 
the downward pull due to the whole mass is a maximum. This 
might explain the fact that near Limerick, and in several other 
places, masses of basalt lie near to but not on a ridge line. 

If. on the other hand, the exposed portion is very large and 
widespread, its relative importance must be greater, and it is 
more likely that it will be closely associated with a locus of 
attraction. In this case, however, difficulties of an opposite kind 
are encountered ; the local disturbances being so great that, 
although ridge lines may be traced up to the mass, it is difficult 
to follow them across it. 

All therefore that can be expected is that we should be able 
to show that far-reaching underground extensions of basaltic 
rocks would be competent to produce the observed disturbances, 
and that in the case of very large exposures of basaltic rocks 
the regions in which they occur are in general clearly marked 
centers of attraction. 

We will take these points in order. The first has been dealt 
with in the paper already referred to, but the application of cal 
culation to the case of Antrim will serve as an additional example. 
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The basaltic surface of Northeast Ireland may be roughly 
represented by a square, each side of which is 50 miles long. The 
length from north to south is somewhat greater, and the breadth 
less than 50 miles. It forms the center of a magnetic district 
which extends some 50 miles from the edge of the basalt. 

The calculations referred to above are not applicable when 
the distance involved are so great that the curvature of the Earth 
has to be taken into account. In this case, however, they are 
sufficiently accurate to illustrate the principle. 

The thickness of the Antrim basalt after denudation is only 
about 1 200 feet. Disturbances directly due to the visible mass 
would therefore be unimportant a very few miles from its edge. 

Even if we supposed the basalt to extend from the surface 
to the depth at which it would cease to be magnetic (say 12 
miles) the ratio of the thickness of the block to the length of 
an edge would not exceed one-fourth, and it has been shown 
that such a mass would produce no effect at a distance from the 
nearest face equal to the length of an edge, that is, at 50 miles, 
whereas at Letterkenny and Stranorlar, which are about 40 
miles distant, the attractive Forces, though not large, are 
appreciable. 

We can explain, therefore, the Forces at these places by their 
proximity to Antrim only on the assumption that beneath the 
basaltic district there is a magnetic mass, the upper face of which 
is separated from, but approaches relatively near to the visible 
mass (say, within a mile or a mile and a half) and slopes away 
from it towards the west. 

It would then approximately fulfill the conditions assumed by 
the second calculation given above. Its upper surface would be 
six miles below the sea level at 50 miles from the edge of the 
visible basalt, but the Horizontal Force would be 0.00036 instead 
of only 0.00007 C. G. S. units. As a matter of fact, the Hori- 
zontal Disturbance at Letterkenny is 0.00035, ^tnd at Stranorlar 
0.00041 C. G. S. units. The close agreement between these 
numbers and the calculated Force is, of course, accidental but 
they are sufficient to show that, although masses with steep sides 
smd of moderate thickness would present very small Forces at 
distances from these edges comparable with their linear dimen- 



134 A, W. RUCKER [Vol. I. No. 3] 

sions, yet if the sides slope gradually away the Forces may be 
appreciable. 

It must also be remembered that although the highest suscep- 
tibility we have taken as a basis of calculation is the mean of a 
number of specimens from Scotland, much larger mean values 
were obtained in groups of specimens from Skye. All the largest 
values of the Forces above calculated might be doubled without 
the susceptibility exceeding that of rocks which occur on the 
surface, and, even if in any given locality the surface rocks are 
only feebly susceptible, it is possible that they may overlie more 
strongly magnetic masses. 

On the whole, then, it appears that all the observed facts, the 
smallness of the Disturbances in some cases, and their magnitude 
in others, are consistent with the theory that they are caused — 
in part, at all events — by basic rocks magnetized in the Earth's 
field. 

We now proceed to inquire how far the main centers in 
which basic rocks occur are also centers of magnetic attraction. 

The easiest way of conducting the inquiry is to study stations 
near the main masses of igneous rocks, but yet sufficiently dis- 
tant to make local Disturbances unimportant as compared with 
the regional attraction. 

If at all such stations the Horizontal Disturbing Forces tend 
towards the igneous mass, it is obvious that it is on the whole a 
center of attraction. 

Of course doubtful points arise, in deciding which there is 
sometimes room for difference of opinion. 

Thus if a comparatively insignificant group of magnetic rocks 
appears on the surface, near to, but completely detached from, 
a much larger intrusive mass, it may be doubtful whether it 
should or should not be included within the girdle of external 
stations. 

If it is included, it may divert the line so far from the central 
region, that the cogency of the proof is diminished. If it is not 
included, there is the risk that, though of trifling superficial 
area, it may represent an important underground extension, and 
that the Disturbing Forces in the intermediate space may be sub- 
ject to local variations. 
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On the whole we have thought it best in each case to keep 
as near to the principal mass of rock as possible, but if the dis- 
trict between it and an apparent outlier appears to be locally 
disturbed, we have carried the boundary outside the latter. In all 
cases, where any doubt can arise, the reasons for the selection 
of the stations are given. 

Another difficulty arises from the fact that the disturbances 
due to igneous rocks, which appear on the surface, are interfered 
with by important ridge lines, which are either connected with 
another group of rocks or traverse a neighboring district where 
the superficial soil is non-magnetic. 

Obviously all difficulties are increased if a magnetic district is 
largely covered by the sea. 

There are three principal districts in which basic rocks are 
found, with a profusion far exceeding that which occurs in any 
other part of the United Kingdom. They are Antrim, Mid- 
Scotland, and the West Coast of Scotland. 

The first two of these unquestionably attract the needle at 
places near to but clear of the magnetic rocks. 

To prove this we need only refer to our maps, in which the 
basic rocks are indicated, and the directions of the Horizontal 
Disturbing Forces at stations near the rocks are shown. 

All round the Antrim basalt the Horizontal Disturbing Forces 
are directed towards it. This is shown at no less than fourteen 
places, viz., Drumsurn, Dungiven, Sperrin, Dungannon, Armagh, 
Lurgan, Lisburn, Belfast, Carrickfergus, Lame, Ballygalley Head, 
Carnlough, Waterfoot, and Ballycastle. Gortin and Omagh are 
too far from the basalt to be described as near it, but they serve 
to complete the chain of stations. (See Fig. 2, next page.) 

At Draperstown the Horizontal Disturbance is directed away 
from the basalt, in which, however, this station is to a certain 
extent embayed. It therefore hardly satisfies the condition we 
are laying down ; viz., that the stations considered must be clear 
of the attracting mass. 

Similarly, a line of stations can be drawn round the Scotch 
Coal Field District, which indicate that it, too, is a center of 
attraction. They are Campbelton, Torrisdale, Loch Ranza, Cum- 
brae. Row, Dunblane, Crieff Junction, Perth, Stanley Junction, 
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Glamis, St. Andrews, Dunbar, Heriot, Dolphinton, Carstairs, 
Abington, Loch Doon, Pinvalley, and Penwherry. (See Fig. 3, 
opposite.) 







On the West Coast there is not the same clear evidence that 
the visible masses are centers of attraction. We have shown in 
our original memoir that the hypothesis that ridge lines run 
through Skye and Mull is consistent with the facts, but the 
effects of the visible masses appear to be of less importance 



THE MAGNETIC SURVEY OF GREAT BRITAIN 



137 



than those due to concealed centers. In Skye there is a power- 
ful focus of attraction on the eastern portion of the island, where 
the surface rock is not basalt ; and, the effect produced by Mull 
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is subordinate to an attraction directed to a submarine center to 
the south of the Hebrides. 

The facts that much of this district is covered by the sea, 
and that important ridge lines which run near its boundaries 
make it very difficult to solve all the problems it suggests should, 
however, be borne in mind. 
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It is impossible in this summary to illustrate the other mag- 
netic districts as fully as Antrim and Scotland, but the accom- 
panying map (Fig. 4) may help to elucidate the rest. The dark 
lines represent the magnetic ridge lines or loci of attraction. 
The lines are drawn full when the positions of the ridge lines are 
clearly indicated, dotted when they are more doubtful. The 
thin lines represent the magnetic valley lines. The letters B B 
indicate a district on which a large area is covered by basalt ; 
B a district in which the masses are smaller but still important. 
The letter b indicates a still smaller mass, and a line of small 
masses is shown by a row of b's. The names of the most impor- 
tant places, and some references to the geological state are also 
inserted. With the aid of this map I trust that what follows 
may be intelligible. 

Next to the districts above mentioned, North Wales is, per- 
haps, that in which the largest basic masses occur. This is 
unmistakably a center of attraction. The Horizontal Disturbing 
Forces at Beaumaris, Carnarvon, Pwllheli, Port Madoc, Aber- 
gwynolwyn, Bala, Bettws-y-Coed, and Llandudno are all directed 
towards the igneous rocks, which are in part basic, and may in 
part rest on a basic substratum. 

Following next in importance after North Wales come Devon- 
shire and Cornwall, Wexford and Wicklow. In both of these 
the basic masses occur in long lines, which suggest that they 
have not much lateral extension, or that they are the edges of 
relatively thin sheets, or are connected with narrow pipes. How- 
ever this may be, though there are suggestions of lines of mag- 
netic attraction parallel to both of them, in Devonshire and in 
the east of Wexford, neither is a center of attraction. There is 
a station of relatively high Vertical Force on the serpentine of 
the Lizard, but here, too, the main center of attraction appears 
to be out at sea. 

Three other districts remain. The most important is North- 
West Donegal, a wild region, in which we have comparatively 
few stations. At five stations near Londonderry the Horizontal 
Disturbing Force is directed towards the trap rocks. The same 
statement is true of the stations to the north of the basic masses 
near Newry and Carlingford in Down. To the south of thes^ 
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the main attraction is exerted towards a ridge line which runs 
out from them, and probably marks an underground continuation 
of the trap. 

In Pembrokeshire, also, the strips of igneous rocks lie close 
to a ridge line, and the horizontal disturbing forces at Cardigan, 
Haverfordwest and Milford are directed towards it. 

The basalt to the southeast of Limerick also li^s near a ridge 
line but is not a center of attraction, though some of the igneous 
rocks are very basic. 

The scattered masses in Mid-Wales and Mid-England, and 
the dykes in the north of England, have to be discussed separ- 
ately. 

Putting them aside, the results we have arrived at may be 
summed up as in the following table : 

PRINCIPAL MASSES OF TRAP ROCKS IN THE ORDER OF THEIR 

IMPORTANCE. 

Skye and Mull - Probably traversed by ridge lines. 

Antrim - - - A center of attraction. 

Mid-Scotland - - A center of attraction. 

North Wales - - A center of attraction. 

Wexford and Wicklow No apparent regional magnetic 

effect. 
Devonshire and Cornwall No apparent regional magnetic 

effect (except at the Lizard). 
Donegal - - - A center of attraction. 

Pembrokeshire - On a ridge line. 

Limerick - - - Near a ridge line. 

IGNEOUS ROCKS WHICH ARE BUT SLIGHTLY, OR NOT AT ALL BASIC 

In general, masses of non-basic igneous rocks appear to pro- 
duce little or no effect on the needle. This holds good of Dart- 
moor, Wicklow, and many parts of Scotland. Exception to this 
rule are found in the Cheviots and in Galway. 

The attractions apparently exerted in these cases by rocks, 
which, taken as a whole, are but feebly magnetic, are, we believe 
capable of an explanation quite in accord with the recent ten- 
dency of opinion among geologists. It is thought that in many 
cases the fluid magma out of which the rocks were formed was 
arranged in layers of various densities, the lighter non-basic 
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materials floating on the heavier and more magnetic constituents. 
Where such a separation occurred a group of non-susceptible 
rocks would now stand upon a magnetic foundation. It is con- 
ceivable that investigations, such as our own, may help to deter- 
mine where this is the case. 

FAULTS. 

It appears at first sight that the magnet would be affected if 
a fault in the superficial strata extends down to magnetic 
rocks. 

There are, however, a number of arguments which show that 
no noticeable disturbance might be produced. 

If the depth at which the magnetic rocks occur is, say, four 
or five times the throw of the fault, the magnetic effects would 
in general be very small. 

Even when this is not the case, the possible effects are more 
complicated than would at first be supposed. If the magnetic 
rocks form a horizontal slab, the Vertical Force due to the hori- 
zontal faces will be positive above the mass, but negative at parts 
near to but not over it. The positive or negative Forces may be 
strengthened or may not be affected by the vertical face, accord- 
ing as the latter is perpendicular to the magnetic meridian and 
to the south of the slab, or in the magnetic meridian. 

The Horizontal Disturbing Forces in such a case will not be 
directed to the fault, but to the center of the mass of which it 
marks the boundary. 

According to Sir Archibald Geikie, however {^EncycL Brit., 
Ed. IX, Vol. 10, p. 261), a fault or dislocation is nearly always 
inclined tq the vertical. 

If the basaltic slab, which is assumed to underlie it, were not 
horizontal, the effects of the fault itself would be interfered with 
and masked by the disturbances due to the approach of the mass 
towards the surface. 

There is, therefore, no a priori reason for supposing that a 
fault must coincide with a line of attraction. 

If it does, it will be rather a proof of a favorable conforma- 
tion of hidden magnetic rocks than an illustration of a general 
principle. Thus, two stations at Bewdley on either side of the 
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well-known fault, which runs from that place towards Malvern 
do not appear to be affected by it. 

In Scotland and the North of Ireland, however, some of the 
magnetic ridge lines, if not coincident with, are for some distance 
parallel to important faults. This is true of the Great Glen 
(Caledonian Canal), of the South Highland fault which crosses 
Scotland from the Clyde to Stonehaven ' and of the fault which 
runs southwest from Antrim. 

The magnetic observations tend to show that the fault line 
of the Great Glen is prolonged northwards, but, on the other 
hand, the extension of the fault southwards by Lock Swilly to 
Donegal Bay is not indicated by the magnet, or is masked by 
the neighborhood of the Antrim and Donegal basic rocks. 

A magnetic ridge line runs close to the South Highland fault 
for about sixty miles. It appears, however, to cross it near its 
northern boundary and does not follow its promulgation south- 
west towards Donegal Bay. 

The Galloway ridge line runs for some distance nearly paral- 
lel to, though at an average distance of some twenty miles from, 
the fault which bounds the Mid-Scotland district on the south. 
For the rest, there does not seem to be any very close connec- 
tion between the geology of Scotland and the other magnetic 
ridge lines in that country. 

REGIONS OF UPHEAVAL. 

If it be true that magnetic ridge lines sometimes indicate the 
physical ridge lines of underground magnetic masses, it seems 
probable that there would be a connection between them and an 
anticlinal arrangement of the surface strata. It is evident, how- 
ever, that in this case, also, it is difficult to decide upon what we 
ought a priori to expect. 

No one, whose knowledge of the geology of the London basin 
was confined to the surface only, would suspect the existence 
of the Palaeozoic ridge upon which it rests. It is quite possible 
that similar elevations of the assumed deep lying magnetic rocks 
may be unsuspected by geologists, but may be detected through 
all the intervening strata by the magnet. 

* This fact has been established by our later observations. See " Mem. 90," p. 318- 
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Again, in Mid-Scotland and elsewhere, vast masses of basalt 
on the surface are associated with rocks newer than those which 
bound them both to the north and south. If the newer rocks 
hid the basalt a magnetic ridge line would appear to be associ- 
ated with a synclinal axis. Anomalies are, therefore, to be 
expected, and we propose to bring together the cases in which 
our results, when interpreted on the magnetic rock theory, are 
in accord or in disagreement with surface indications, not so 
much with the intention of supporting the view to which, on the 
whole, we incline, as of collecting in a convenient form the argu- 
ments which may be adduced for or against it. 

The magnetic indications appear to be quite independent of 
the disposition of the newer strata. 

The Weald of Kent is i region of geological upheaval, but 
of low Vertical Magnetic Force. On the other hand, a magnetic 
ridge line runs across the geological depressions in North York- 
shire. 

Again: The well-marked ridge line which runs from near 
Reading to Chichester, has no apparent connection with the 
superficial geology. 

Among the more ancient rocks the lower Carboniferous strata 
in Devonshire lie between the older Silurian and Devonian forma- 
tions, but a ridge line traverses them right across the county. 

This is, however, almost the only exception, in England and 
Wales, to the rule that in the case of rocks older than the Coal 
Measures there is an approximate agreement between regions of 
geological upheaval and of high Magnetic Vertical Force. 

This is true of the Mendip Hills. 

The line which runs through South Wales and Gloucester- 
shire towards Reading, ranges from Pembrokeshire, where the 
older Palaeozoic rocks are mingled with trap, through a region in 
which the Palaeozoic rocks are probably not far below the sur- 
face. 

It may mark a line along which the older Palaeozoics are 
ranged, though covered unconformably by newer Palaeozoic rocks. 

The line in Mid-Wales and Shropshire is for some miles par- 
allel to the fault which runs from the Wrekin to Radnor. It 
starts where the Builth igneous rocks are exposed, runs by Wen- 
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lock Edge and the Wrekin — where again there is a mass of 
trap — and then passes direct from the older rocks in this neigh- 
borhood towards those of Derbyshire. It certainly suggests an 
underground connection between them. 

Another ridge line connects the Nuneaton and Dudley Coal 
Fields which rise in the midst of newer rocks. The southward 
prolongation of this line towards Reading does not correspond 
with any surface indications. A slightly marked line, which is 
probably connected with this, runs northeast from Lichfield to 
Nottingham, passing through the patch of older rocks which 
occurs to the north of Charnwood Forest. 

To the east of Reading the more southerly of the two ridge 
lines coincides roughly with the line of the Palaeozoic ridge, but 
it is rather to the south of the points in which the oldest rocks 
probably approach nearest to the surface. The more northerly 
line passes through Ware, near which Silurian rocks have been 
proved. In the north of England the magnet is attracted to a 
line which roughly follows the axis of greatest geological eleva- 
tion from the lake district to Harrogate, and thence southwards 
through Derbyshire. A branch traverses the Lancashire coal 
field, which projects like a promontory among later formations. 

This concludes the evidence that there is a certain though 
somewhat loose connection between ridge lines in England and 
regions of upheaval of the older rocks. 

The Derbyshire and the Yorkshire magnetic ridges are obvi- 
ously prolonged under the newer strata in the East Midland and 
eastern counties. The latter line especially passes close to Mar- 
ket Weighton where the Jurassic rocks thin out, and which was 
recommended as a station by Professor Judd on account of the 
probability of the older rocks approaching the surface there. In 
Southeast Lincolnshire folds in the new strata have recently been 
discovered, which run parallel to our ridge line, and may be con- 
nected with more deeply-seated undulations. 

In Scotland the magnetic lines appear to be chiefly associ- 
ated with the basaltic masses and the faults. These have been 
already discussed. 

In Ireland a ridge line is associated with a succession of 
Silurian masses, which lie between newer rocks and are marked 
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by the Galtee, Silvermine and Slieve Bloom Mountains respec- 
tively. 

It is connected with a slightly marked ridge line, which 
appears to be a continuation of the Palaeozoic ridge, and with 
others which run to the igneous rocks of Connemara and of 
South Down. From Connemara the ridge is continued north- 
east parallel to the Silurian ridges and to the faults which occur 
in this part of the country. 

On the whole then it appears that the connection between 
the magnetic ridge lines and the geological conformation of the 
country, though in some cases clearly suggested is only such as 
would follow if the magnetic effects were due to deep-seated 
folds in the magnetic rocks, which are not always directly con- 
nected with the arrangement of the surface rocks. 

The general results may be summed up as follows : 

( 1 ) Theory leads us to expect, and experiment shows that 
dykes and thin basaltic sheets produce no measurable Disturb- 
ances at distances which are small multiples of their thickness. 

(2) Theory leads us to expect, and experiment shows that 
masses of trap rock, a few square miles in area, produce no 
noticeable magnetic effects at distances comparable with their 
linear dimensions. 

(3) Theory leads us to expect that the effects of faults 
would be irregular. They would only correspond to ridge lines 
in special cases. There may be large positive or negative Verti- 
cal Forces in their neighborhood. If the fault is inclined at a 
considerable angle to the vertical, or if the depth of the mag- 
netic rocks is four or five times the throw, little or no effect 
will be produced. 

Experiment shows that ridge lines are certainly associated 
with the great faults in Scotland and with a fault in Ireland, but 
that there is no clear connection between them elsewhere. 

(4) Large masses of basalt such as those which occur in 
Skye, Mull, Antrim, the Scotch Coal Field, and North Wales, are 
always centers of attraction. 

(5) Non-basic igneous rocks often produce little or no effect, 
but sometimes, and notably in the cases of Connemara and of 
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the Cheviots and Berwickshire District they are centers of attrac- 
tion. In both these regions basic rocks occur. 

(6) In no case does a large igneous mass repel the north 
pole of the needle. The only case in which the suspicion of such 
repulsion could arise is that of the Wicklow Mountains, and the 
facts would there be equally well explained by supposing the 
magnetic effects of the granite to be negligible. 

(7) The magnetic ridge lines often occur in districts where 
there are no magnetic rocks on the surface. They appear to be 
unaffected by the distribution of surface rocks of later date than 
the Coal Measures, but there are a number of cases in which they 
are associated with an anticlinal arrangement of the older rocks. 
To this the lower Carboniferous formation of Devonshire is an 
exception. 

The sixth of these conclusions is of great theoretical impor- 
tance. If the rocks are magnetized by induction they would 
attract the north pole of the needle. If they merely deflected 
earth currents, there seems to be no reason why the eddies thus 
produced should always circulate in the same direction, which 
would be necessary if they were the cause of the attraction which 
is always in play in the neighborhood of the rocks. 

The fact that the general result of magnetization of the rocks 
is to attract the north pole of the needle is not inconsistent with 
the observation that close to the basalt the magnetic forces are 
very irregular being alternately attractions and repulsions. These 
effects are due to permanent magnetization, the distribution 
of which appears to defy forecast. At a distance these antag- 
onistic forces neutralize each other, while those due to the less 
powerful but more uniform effects of induction become predomi- 
nant. 

In conclusion I may add that the description of the results 
of our work, which I have just given, is largely quoted from the 
original memoir, and that I cannot but feel that the full signifi- 
cance of the facts will be imperfectly comprehended without the 
aid of the large maps with which that memoir is illustrated. 



DIE MAGNETISCHEN STORUNGEN DER JAHRE 1890-95, NACH 
DEN AUFZEICHNUNGEN DES MAGNETOGRAPHEN 

IN POTSDAM. 

Von Dr. G. Ludeling in Potsdam. 

In den "Ergebnissen der magnetischen Beobachtungen in Potsdam in 
den Jahren 1890 und 1891 " (Veroffentl, des Kgi. Preuss. Meteorolog, InstitutSy 
Berlin 1894) giebt Herr Eschenhagen eine Classification der magnetischen 
Curven, nach welcher er 5 verschiedene Arten unterscheidet, und zwar 
bezeichnet er mit 

Character i : Sehr ruhige Curven, die hochstens vereinzelte, sehr kleine 
Ausbuchtungen zeigen ; 

Character 2: Curven mit ziemlich ruhigem Verlauf ; das Gesammtbild 
der taglichen Periode wird durch etwas haufigere, kleine Wellen nicht beein- 
trachtigt ; 

Character 3: Leicht gestSrte Curven, in denen 'secundare Wellen von 
massiger Amplitude und kurzer Dauer (1-3 Stunden) auftreten, doch ist der 
tagliche Gang noch sicher erkennbar ; 

Character 4: Ziemlich gestorte Curven, deren Gesammtbilder durch 
secundare Wellen von grosserer Amplitude langere Zeit hindurch (6-8 
Stunden) erheblich beeintrachligt werden ; 

Character 5: Curven mit sehr grossen, spitzen Wellen und Zacken, die 
in grosser Zahl und langerer Dauer auftreten und das normale Bild der Cur- 
ven vollstandig entstellen. 

Bei alien Curven des Characters 3-5 wurden nun diejenigen stundlichen 
Ablesungen, die in eine Storungszeit fielen, mit einem besonderen Zeichen 
versehen, gleichviel ob die Werthe zur vollen Stunde zufallig erhebliche 
Abweichungen von den normalen Werthen zeigten oder nicht. Eine einfache 
Auszahlnng und Zusammenstellung dieser so erhaltenen Storungsstunden der 
Jahre 1890-95 liegt der folgenden Untersuchung zu Grunde. 
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Taglicher Gang der Haufigkeit magnetischer Storungen in Potsdam (1890-5.) 

I. Declination. 
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Um zunachst eine Ubersicht daruber zu gewinnen, wie sich die magne- 
tischen Storungen auf die Tageszeit vertheilen, wurde fUr alle Monate fest- 
gestellt, wie haufig die einzelnen Tagesstunden in den untersuchten 6 Jahren 
gestort waren. Die gegeniiberstehende Tabelle giebt diese Monats-Obersichten 
sowie eine unmittelbar daraus folgende liber die 3 Gruppen (nach Lloyd): 
Aquinoctial- Monate, Winter-Monate, Sommer- Monate, und zwar fUr Declina- 
tion, Horizontal- Intensitat und Vertical-Intensitat. 

Nach den so gewonnenen Zahlen sind die Storungs-Curven auf Taf. I und 
II gezeichnet, die schon ein recht anschauliches Bild liber den Verlauf 
der magnetischen Storungen geben. Sie bestatigen vollauf das, was schon 
friiher gefunden und worauf auch Herr Eschenhagen bei der Untersuchung 
der Storungen in den beiden Jahren 1890 und '91 hinwies, namlich "die 
characteristische Zunahme der Haufigkeit der StSrungen in den spaten Nach- 
mittag- und Abendstunden, die bedeutende Abnahme um Mittag." Auch 
scheint in der That ein secundares Maximum in den frlihen Morgenstunden, 
gegen 2 Uhr, ein secundares Minimum gegen oder bald nach Mitternacht 
einzutreten. Wahrend bei der Declination die Eintrittszeit der Maxima und 
Minima in alien Monaten fast dieselbe bleibt, wird das Haupt-Maximum 
der Storungen in der Horizontal- und Vertical-Intensitat wahrend der 
Sommer-Monate schon gegen 5 Uhr Nachmittags, also mehrere Stunden 
friiher als sonst erreicht. Sehr auffallend ist auch die betrachtlich geringere 
Haufigkeit der StSrungen der Declination und Vertical-Intensitat in den 
Sommer- Monaten, in denen auch das secundare Maximum das Haupt- 
Maximum iibertrifft oder doch wenigstens erreicht. Die Horizontal- Intensitat 
zeigt dagegen umgekehrt eine grossere Anzahl von Storungen in den Sommer- 
als in den Winter- Monaten. Ob in den letzten beiden Punkten wirklicheine 
\>rschiedenheit vorhanden ist, miissen weitere Untersuchungen ergeben. Am 
meisten gestort sind iiberall die Aquinoctial-Monate, in ihnen ist auch die 
tagliche Periode der StSrungen am deutlichsten ausgepragt. 

Um auch einen Oberblick liber die Vertheilung der magnetischen 
Storungen auf die Jahreszeit zu verschaffen, ist in der nachfolgenden Tabelle 
angegeben, wie viele Stunden in den einzelnen Monaten wahrend der Jahre 
1890-95 magnetisch gestort waren. Hinzugefiigt sind noch die Wolfschen 
Sonnenflecken-Relativzahlen flir denselben Zeitraum nach der Meteoro- 
logische Zeitschrift^ um eine ev. Beziehung zwischen den magnetischen 
Storungen und der beobachteten Sonnenflecken hervortreten zu lassen. 
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Jahrlicher Gang der Haufigkeit magnetischer Storuxgen in Potsdam (1890-5.) 

I. Declination. 
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Auf Taf. Ill ist das mitllere Auftreten der StSrungen sowie der Sonnen- 
flecken in den einzelnen Monaten in Curven dargestellt (nach Procenten der 
Haufigkeit). Irgend welcher parallele Gang der beiden Erscheinungen 
zeigt sich darin nicht. Auch ein Vergleich der Jahres-Summen bringt 
zunachst noch keinen auffalligen Zusammenhang. Allerdings dUrfte der 
Zeitraum von 6 Jahren ein zu kurzer sein, als dass man aus dem hierbei 
gewonnenen Materiale irgend welche SchlUsse auf einen etwa vorhandenen 
parallelen Gang der magnetischen Storungen mit den Sonnenflecken und 
deren elfjahriger Periode ziehen kdnnte. Wir behalten uns jedoch vor, nach 
Ablauf der elfjahrigen Periode auf diese Frage zurlickzukommen . Wie 
oben schon angedeutet, ist jedoch das doppelte Maximum der magnetischen 
Storungen zur Zeit der Aquinoctien und das Minimum in den Sommer- 
Monaten und im December ausserordentlich hervortretend. Diese Thatsache 
wurde bereits von A. von Humboldt gefunden und spater besonders von 
Sabine an einem sehr umfangreichen Beobachtungs- Material bestatigt. Ob die 
beiden Monate Mai und Juli thatsachlich derart herausfallen, dass sie eine 
grossere Anzahl Storungen zeigen, als die benachbarten Monate, muss eine 
systematische Untersuchung einer langeren Beobachtungsreihe ergeben. 
SoUte es der Fall sein, so wUrde man hier vielleicht einen merkwUrdigen 
Parallelismus zu dem doppelten Gewitter-Maximum haben, das zuerst Herr 
von Bezold fUr die Monate Mai und Juli nachwies (Pogg, Ann, 136, 1869, 
pag. 5 1 3), und auf welcher auch Herr Leonhard Weber bei seinen Tageslicht- 
Messungen in Kiel gefUhrt wurde {Schriften des Natutw, Vereins fur 
SchUswig-Holstein, Bd. X, Erstes Heft). 

Eine fast vollige Obereinstimmung findet sich nun aber in Her Periode 
der magnetischen Stdrung und der des Polarlichts, und zwar sowohl in der 
taglichen wie in der jahrlichen (s. Taf. H und HI. Die Nordlicht-Curven 
gelten flir Oxford resp. das mittlere Europa zwischen 46° und 55° N. Br.). 
Ob dies fUr alle Breiten der Fall ist, oder wie sich die Beziehungen mit der 
Entfernung von den Polen andem, mUssen weitere Untersuchungen, beson- 
ders auch von nahe dem Aquator gelegenen Stationen zeigen. Die Aufgabe 
der vorliegenden Arbeit war im Wesentlichen nur, die von Herm Eschen- 
hagen als vorlaufiger "Versuch" vorgeschlagene Classification der magne- 
tischen Curven in Bezug auf die Storungen (Character 3-5) zu erproben. Dass 
diese Probe die grosse Nlitzlichkeit der Uberaus einfachen Methode ergeben 
hat, darf wohl mit Recht aus den gewonnenen Resultaten geschlossen wer- 
den. Meines Erachtens ware es daher hochst wUnschenswerth, wenn auch 
an anderen Observatorien dasselbe Verfahren angewandt wUrde. 
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LETTER TO EDITOR 



OLD MAGNETIC DECLINATIONS: THE WORK ENTITLED 

" AIMENEYPETIKH," etc' 

Das von Herrn Schott auf S. 87 dieser Zeitschrift erwahnte Werk 
aus dem Jahre 1599, das Beobachtungen der magnetischen Declination 
enhalt, ist nur ein Abdruck der kleinen Schrift des beriihmten hollan- 
dischen Mathematikers Simon Stevin, die von seinem Landsmann 
Grotius ins Lateinische iibersetzt wurde und 1599 zu Leiden unter 
dem Titel " At/icvcv/xTi/ci/ sive Portuum investigandorum ratio** erschien. 
Anscheinend gleichzeitig erschienen auch Ausgaben in hollandischer, 
franzosischer und englischer Sprache. Die letztere ("The Haven- 
Finding Art**) besorgte der bekannte Edward Wright. 

Stevin beniitzte zum Theil die Angaben von P. Plancius, .einem 
calvinistischen Prediger in Amsterdam, dessen Verdienste um die 
Kartographie und den Erdmagnetismus noch nicht geniigend klar- 
gestellt sind. Plancius scheint eine Erdkarte oder einen Erdglobus 
entworfen zu haben, auf dem er alle damals bekannt gewordenen 
Werthe der magnetischen Declination eintrug. Veroffentlicht wurde 
diese Karte meines Wissens nicht. Es ware sehr erwiinscht, wenn ein 
hollandischer Gelehrter, dem allein das gedruckte wie ungedruckte 
Material zu Gebote stehen diirfte, dieser Frage einmal seine Aufmerk- 
samkeit schenken wiirde.' G. Hellmann. 

Berlin, den 26. April 1896. 

* See p. 87 of this Journal. In the title there given the word Portunus should 
have been Portuum, — El). 

' Through the courtesy of Dr. Artemas Martin of Washington City, the Editor had 
the opportunity of looking over a copy of this work. Many of the magnetic declina> 
tions given will also be found in Kircher*s Ars Magnesia, Herbipoli, 1631, pp. 45 and 
46. It is a matter of interest that Grotius uses the word dedinatio when referring to 
the magnetic declination, whereas, as will be recalled, Gilbert in his De Magnete, 
published a year later, used the same word to mean the magnetic inclination, and the 
word variatio to mean declination. Gilbert's declinatorium — an instrument to 
measure the inclination — is now referred to as inclinatorium. Kircher in his works 
uses dedinatio and inclinatio according to the modem accepted meanings. As 
Gilbert's great work was considered such a standard one, it is a matter of some sur- 
prise that his adopted nomenclature did not prevail. — Ed. 
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NOTES 



The honorary degree of Doctor of Laws was conferred at Lord Kelvin's 
Jubilee upon two of the Associates of the Journal, Professors Abbe and 
Mascart. 

" So far the Journal seems a great success." — A, Schuster, Manchester. 
" Mit grosser Freude habe ich das Erscheinen des ersten Heftes des Journals 
gegrUsst ; und ich habe dasselbe von meiner ganzen Satisfaction gefunden." 
— L, Palazzo (Rome). 

In commemoration of Professor Neumayer's seventieth birthday, which 
took place on June 21, the German Meteorological Society decided to pre- 
sent him with an album of the photographs of the members as a token of 
their high esteem. The Journal extends to the genial director of the Ger- 
man Naval Observatory its heartiest congratulations and trusts that the sci- 
ence for the advancement of which he has worked so zealously in the past 
may long be enriched by his labors. 

We regret to be obliged to record the death of Mr, Charles Chambers, F. 
R. S., for thirty years director of the Coldba Meteorological and Magnetic 
Observatory at Bombay. According to Nature s extract from the Times, 
Mr. Chambers was bom at Leeds, Yorkshire, on May 30, 1834, being thus 
62 years of age at the time of his demise. After finishing his education in 
his native place, he secured an appointment in the Kew Observatory (Balfour 
Stewart then Superintendent) which he left in October 1863 to take up the 
post as assistant to the Director and Chief Superintendent and Electrician of 
the Indo-European Telegraph Department, Persian Gulf Section. In Octo- 
ber 1 865 he was temporarily appointed Superintendent of the Government 
Observatory, Bombay. After acting in that capacity for over two years he 
was confirmed in the appointment in January 1868, and continued to hold 
that office till November 1 886, when he was given the appointment of Director 
of the Coldba Observatory, which office he was holding at the time of his 
death. He was elected a Fellow of the Royal Society in 1869. He was 
also appointed a Fellow of the Bombay University in 1872, and a member of 
the syndicate of the same university from 1879 ^o 1890. 

A list of his published papers will be given in a future number of the 
Journal. 

Professor N, A, Moos, of the Elphinstone College, Bombay, has been 
elected to succeed the late Mr. Chambers as Superintendent of the Coldba 
Observatory. 

Simultaneous Observations of the Magnetic Perturbations. Professor 
Eschenhagen informs us that in response to the circular sent out , various 
magnetic observatories, among which are Batavia, Washington, and possibly 
Melbourne, have cooperated with the Potsdam Magnetic Observatory in 
making these observations at the times fixed upon {cf p. 61). At the date of 
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writing (May I ) he had received results from twelve stations. During the 
time of observation on February 28 a disturbance of " no inconsiderable " 
magnitude was in progress. The discussion will consequently prove of 
great interest. Those who have read his most interesting contribution in 
the last number of the Journal cannot have failed to recognize the impor- 
tance of the work he has undertaken. It has been known for some time 
that the large magnetic disturbances — the so-called magnetic storms — are, 
as far as can at present be determined, practically simultaneous in their 
occurrence over large areas of the Earth's surface, if not, indeed, over the 
entire Earth. Violent perturbations take place, however, at comparatively 
rare intervals. On the other hand, smaller fluctuations reveal themselves to 
greater or less extent at all times. The question is, do some of these minor 
perturbations, like the larger ones, make themselves felt over wide areas at 
about the same absolute time ? If so, then their origin, like that of major 
ones, would seemingly have to be cosmical. Or are they of a purely local 
character, as, for example, such fluctuations due to thunderstorms as have 
been observed at some observatories ? Do they, like the diurnal variation, 
respond to local time and not to absolute ? As will be recalled, the result 
of the preliminary observations carried on in conjunction with the Wilhelms- 
haven Observatory, 360""" distant, as summed up by Eschenhagen in the 
paper referred to was: "that among the many crests which the diurnal 
curves of magnetic force at both stations revealed, not one was to be referred 
to a purely local cause, but that the large disturbances as well as the very 
small ones, amounting in intensity to but 0.00003 C. G. S., probably occur 
simultaneously, over a large area." The results of the latest observations, 
covering the larger portion of the globe, will therefore be looked forward 
to with great interest. Aside from the intrinsic value of such work as this, 
the international character of it, inviting the harmonious coSperation of all, 
cannot fail to prove of the greatest value to the cause and to the workers. It 
will be seen elsewhere that the special work before us is down for discussion 
at the International Meteorological Conference. 

The Action of Electric Currents on Mine Surveying Instruments, From 
Electricity we quote the following: 

"Mr. W. Lenz contributes to the April 18 issue of the Engineering and 
Mining Journal an article on the above subject as a result of some tests 
made at a point underground at a horizontal distance of about 150 yards [137 
meters] from the rails of an electric railway and 1420 feet [433 m.] below it. 
Two series of tests were made with a Fennel's magnetometer, one in the 
daytime while the road was in operation and one at night when it was not. 
The former showed great variations within slight intervals of time, and the 
latter a very regular curve. He also found considerable effect from the 
safety lamps while hot, even though they contained no magnetic material. 
This he ascribes to the thermo-electric currents which were absent, as well as 
their effects when the lamps are cold. He concludes that the mine surveyor, 
before making magnetic observations with delicate instruments, should 
carefully test his lamp." 
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Deutsche Orthographie, Um eine moglichst einheitliche Schreibweise 
des Deutschen in unsere Spalten einzufUhren, hat die Redaction an die 
Herren Mitarbeiter in Deutschland und Osterreich ein Rundschreiben ergehen 
lassen und denselben einige diesbeziigliche Fragen vorgelegt. Fast samt- 
liche Antworten sind bereits eingegangen. Die Herren haben sich mit 
dankenswerter Bereitwilligkeit allem angeschlossen, was Nicht-Deutschen zur 
Erleichterung dienen kann und haben teilweise sogar weitere Vorschlage in 
demselben Sinne gemacht. In dem Dilemma zwischen alter und neuer 
Orthographic haben sich die meisten Herren nicht fiir eine consequente 
Durchflihrung der letzteren, sondcrn nur fiir teilweise Verbesserung ent- 
schieden. Jedenfalls entspricht es dem Wunsche Aller, wenn wir 

1. Fremdworter moglichst mit ihrer Ableitung in Einklang bringen 
(Curve, nicht Kurve, etc.). 

2. Zwar die alte Orthographic zu Grunde legen, aber eingefUhrte Ver- 
besserungen, soweit sie eine wirkliche Erleichterung gewahren, beriick- 
sichtigen. Hierbei wird allerdings bei einigen Wortern der Willkiir ein 
geringer — wohl ganz unbedenklicher — Spielraum gelassen. 

3. Unbequeme, lange Composita durch Bindestrich trennen: "Maximal- 
Abweichung." (Vorschlag des H. Eschenhagen.) 

Auf diese Weise glauben wir der uberall hervortretenden Tendenz, der 
internationalen Brauchbarkeit unserer Zeitschrift Vorschub zu leisten, am 
besten gerecht zu werden. 

Einige weitere, der Vollstandigkeit halber aufgefuhrte Punkte (z. B. 
Kleinschreibung der HauptwQrter) sind unserer Erwartung gemass abgelehnt 
worden. 

Schliesslich wollen wir noch bemerken, dass jeder der Herren Mitarbeiter, 
dem besonders daran liegt, dass seine Rechtschreibung ungeandert bleibe, 
sich dieses Vorrecht durch eine dahingehende Bemerkung sichern kann. 

P. W. 

The International Meteorological Conference to be held in Paris in 
September i8g6. Through the courtesy of the Secretary of the Committee 
Mr. Robert H. Scott, we are enabled to reprint from the preliminary pro- 
gramme the questions of special interest to magneticians which are proposed 
for discussion. It is a source of great gratification to see terrestrial mag- 
netism so well represented. The conference might well be called the 
meteorological and magnetic conference. 

3. Professor \V. L. Moore, Washington. The solar magnetic period 26.67928 
days as the natural mode of classifying solar, physical, and terrestrial meteorological 
phenomena. The desirability of its introduction for general use in the year 1901. 

27. Professor E. Mascart, Paris. Atmospheric electricity. 

28. Idem. Terrestrial magnetism. 

29. Professor von Bezold, Berlin, and Professor Eschenhagen, Potsdam. 
General principles should be introduced for the publication of magnetic observa- 
tions:— a. The values obtained should be given for the different observing hours in 
absolute measure, freed from the variations of the zero of the scale (base value) and 
of temperature, b. It should be stated accurately in what way the scale readings 
have been converted to absolute measure, and to what extent the temperature has 
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been taken into consideration, r. It is desirable that for each day the values should 
be given for each complete hour. d. The same notation should be generally 
employed: — H for horizontal force, X for the northern component, Y for the western 
component, Z for the vertical force, and V for the potential, e. In calculating 
monthly means all days are to be taken into consideration. It is left open to each 
director to give, in addition, means calculated without taking disturbed days into 
account. /. It is very desirable that for the monthly means there should be calcu- 
lated and published at least the values of the components X, Y, Z, and also for the 
monthly means of the separate observation hours, the differences of the components 
A X, A Y, A Z from the mean of the month. 

30. Idem. General principles should be laid down for magnetic surveys: — a. The 
density of the system (/.^., the closeness of the stations inter se), b. The elimination 
of variations by means of the observations at the base stations, c. The reduction of 
the observations to a definite epoch, d. The comparison of the instruments employed 
in the different surveys. 

31. Idem. It is desirable that all institutes which publish magnetic charts should 
give additional tables containing the magnetic elements, and, if possible, also the 
components for convenient points of intersection of the geographical coordinates. It 
is equally to be desired that the data on which these charts have been constructed 
should be published in the fullest manner possible. 

32. Idem. The distribution of magnetic observatories over the globe should be 
discussed. 

33. Idem. Arrangements should be made, for taking international simultaneous 
observations. 

34. M. S. Lemstro.m, Helsingfors. The investigation of earth currents. 

35. Rev. Father Faura, S. J., Manilla. It is desirable that the International 
Conference should give practical instructions as to how earth currents are to be 
observed in order to find out their intensity and direction, and their relation to other 
meteorological phenomena. 

Old Observations of Magnetic Declination at Vienna, In the Meteorolog- 
ische Zeitschrift {}?iVi\X2,xy 1895, p. 36), Professor Hellmann calls attention to 
some old declinations observed at Vienna, which have not been noticed else- 
where. He found them in a rare old book containing chiefly early meteoro- 
logical observations made at Vienna, by J. J. W. von Peima. (J. J. W. stands 
for Johannes Ignatius Worb.) The author of the book found "in suburbano 
Landstrazzie " (of Vienna) the declination: 

11^ 52 >i' W. on July 25, 171 5. 
II'' 58' W. on July 22, 1 7 16. 

Hellmann shows furthermore by citing the following extract: "Ex vetus- 
tis codicibus habemus quod Arctodromicum abhinc 60, 70 Annis, hie Viennae 
O declinaverit" that the agonic must have passed through Vienna in about 
the year 1640, which agrees well with the observation given by Hansteen in 
his Mag, der Erde, App. p. 10, viz., zero for 1638, no reference to source 
being given. Hellmann thinks that this value is due to the Jesuit father Cobau. 
A. Kircher, in his Magnes, etc, Roma, 164 1, p. 455, or 1644, p. 329, gives the 
following for Vienna : 

P. Andreas Cobauius S. J., o" o', declination, 48" 20' latitude, but no date. 

The only other early observation given by Hansteen is that byChappe and 
Liesganig, December 1760, value 13*" o'w. 

Attention is also called to the word that von Peima used for compass, viz., 
"Arctodromicus." 
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Der normale Erdmagnetismus, Under this title Professor W. von Bezold 
presented to the Berlin Academy of Sciences, on December 5, i8q5, a con- 
tinuation of his researches with respect to the normal or mean distribution 
of the Earth's magnetism. He sums up his conclusions as follows : 

" Die auf Grundlage des besten gegenwartig zuganglichen Materials aus- 
gefiihrten Untersuchungen berechtigen vollauf dazu, von einem normalen 
Erdmagnetismus zu sprechen, da zwischen den aus der einfachen Formel 
berechneten Werthen und den aus der Gauss'schen Reihe sowie unmittelbar 
aus Beobachtungen abgeleiteten Werthen fur das Potential sowie fiir die 
Componenten eine weitgehende Ubereinstimmung besteht. 

Das Potential dieser normalen Vertheilung wird durch den von der geo- 
graphischen Lange unabhangigen Theil des ersten Gliedes der Gauss'schen 
Reihe dargestellt. Die Formeln lauten dementsprechend : 



R 



= ^''°sin/3, 



^^=^''°cos/3, 



Z^ = 2g ''° sin /3. 



Diese Formeln sind die gleichen, wie man sie erhalten wiirde, wenn die 
Erde eine durch und durch parallel zur Erdaxe gleichmassig magnetisirte 
Kugel ware, oder wenn sie von einem dieser Vertheilung gleichwerthigen 
Systeme von Stromen umflossen ware. 

Es scheint kaum nothig darauf hinzuweisen, dass sich diese Formeln auch 

ausserordentlich leicht geometrisch 
versinnlichen lassen. Trotzdem 
halte ich es fiir gut, eine hierauf 
beziigliche Figur mitzutheilen. 

Bedeutet der um C geschla- 
gene Kreis den Umfang der in 
orthographischer Projection dar- 
gestellten Erde, NS deren Axe, 
so erscheinen die nach gleichen 
Differenzen von V weiter schrei- 
tenden Gleichgewichtslinien als 
lauter gleich weit von einander 
abstehende, dem Aequator paral- 
lele Linien. 

Halbirt man alsdann den nach 
dem Schnittpunkte D einer solchen 
Geraden mil der Peripherie gezo- 
genen Halbmesser, und errichtet man in dem Halbiringspunkte E eine Senk- 
rechte EG von solcher Lange, dass EG = 2EF ist, so besteht, wie leicht zu 
iibersehen, fiir den Winkel GDE = f die Beziehung t^^ = 2/^/3, d. h. f ist 
der normale Inclinationswinkel in dem Punkte D. Die iiber D hinaus ver- 
langerte Gerade DG aber ist die Tangente, welche man in D an die Gleich- 
gewichtsflache legen kann, und bezeichnen die kurzen Geraden, welche man 
an den Schnittpunkten der Gleichgewichtslinien mit der Peripherie findet, 
Stiicke der entsprechenden Tangenten. 

Man gelangt demnach auf dem Wege der Mittelbildung aus den einzelnen 
Componenten sowie fiir das Potential nach ganzen Parallelkreisen zu einer 
ausserordentlich einfachen und iibersichtlichen Vertheilung der erdmagne- 
tischen Krafte, die man deshalb wohl als die normale bezeichnen darf. 

Den in einem gegebenen Augenblicke bestehenden magnetischen Zustand 
der Erde aber wird man zweckmassig als Obereinanderlagerung eines oder 
mehrerer storenden Systeme iiber dieses normale System betrachten. 

Ober eine Anwendung dieses Gedankens auf die tagliche Variation der 
erdmagnetischen Kraft hoffe ich in nicht zu femer Zeit Mittheilung machen 
zu konnen." 
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REVIEWS. 
ON THE NATURE AND THE ORIGIN OF THE AURORA BOREALIS. 

Paulsen, A.: '' Effet de f humidity de fair ei action du chatnp ma^^tique 
terrestre sur r aspect de Vaurore boriale'' Bulletin de TAcad^mie Roy. 
des Sci. et des Lett, de Danemark, Copenhague, pour I'ann^e 1895. 
Partly translated in the Meteor, Zeit,^ Jan. 1 896. 

. '* Sur la nature et Vorigine de I'aurore boriale'' Ibid., 1894. 

In these two contributions Adam Paulsen emphasizes the meteorological 
side of the question, "What is an Aurora ?" as distinguished from the many 
ingenious physical theories which have been put forward. Both of the papers 
are valuable additions to our knowledge of auroral formation and have a 
charm in this that no stretching of the observed conditions is necessary in 
order to accommodate them to the views held by the writer. Our author first 
gives some experimental observations which show, he thinks, the existence 
and direction of electrical currents in the air and the influence of the aurora 
upon the electrical potential of the air near the ground. As yet there has 
been no general law discovered covering the relations of the magnetic needle 
and auroral displays. Great auroral displays are for the most part accom- 
panied with marked perturbations of the needle ; but the observations of the 
circumpolar parties of 1882-3 demonstrated beyond a doubt that there are 
many auroral displays, particularly of the quiescent type, which are not accom- 
panied with disturbed needle readings. It is plain that for sometime we 
have been classifying under one term — aurora — phenomena which are some- 
what alike in appearance, but yet are of different origin. Many of the diffi- 
culties now met in reconciling sun-spot, auroral and magnetic periodicities 
will disappear when it is understood that there is one set of phenomena widely 
extended and magnificent in color which are accompanied with magnetic dis- 
turbances and more or less solar commotion ; and another class of auroral 
displays which are local in character and more in the nature of manifestations 
of atmospheric electricity. With these preliminary remarks we proceed to 
abstract from the two papers. 

"The great displays which cover a large portion of the sky must have a 
peculiar effect upon the needle since the position and intensity of the light are 
constantly changing. Moreover there is the disturbing effect of the earth 
currents which in general a strong aurora induces. But there is one auroral 
appearance which I have only seen during my stay in Greenland which is 
noteworthy. It resembles a curtain hung vertically and has a very rapid motion. 
At Godthaab, on the west coast of Greenland, such a display comes up rapidly 
from the magnetic south, passes the zenith and then stretches away to the 
north. Its great velocity makes one think that its elevation above the ground 
must be small. If such an aurora is due to a charged mass there should be 
a change in sign in the deflection of the magnetic needle, the moment the 
aurora passes the zenith. At Godthaab I twice saw such displays, but unfor- 
tunately was too far away from the magnetic needle to tell whether it was 
affected or not. But M. V'edel, whom 1 had asked to study such matters 
while on the staff of Ryder in the expedition to Scoresby Sound in 1891-2, 
has repeatedly seen small auroral draperies move with great rapidity from the 
south to the north, and every time the needle has been observed to move 
toward the west with the approach of the aurora. When the aurora passes 
the zenith the needle oscillates and returns to the position which it held before 
the aurora appeared, or deviates to the east when the aurora stretches away 
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Iff xzjt. Lonh, These observations show that these aaroral curtains arc due to 
elc^.tncal carrcnts mo^-in^' from the boaom upvard. The electrical potential 
then decreases toward the top in these auroral curtains, and we think that oar 
experiments conftrm those of Vedel in pro^-in^ that the potential of the aur 
near the surface of the earth decreases and may e\-en become negative dnr- 
inj^ an aarora! display." 

Our authr^r then refers to obser>'ations made with an insulated metallic 
point elevated in the air, the supporting pole erected on the top of a hill about 
ninetv meters above sea level. Bv means of a delicate Thomson reflectincr 
galvanometer, astatic, they were able to follow changes in the potential. It 
was difificult, of cr^urse, to preserve a proper insulation and likewise the swing- 
ing? of the wire caused bv the wind. The current was considered negative 
whenever the potential of the ground slightly exceeded that of the air. At 8 
o'clock, Noi'ember 1 2, the spot of light upon the galvanometer scale slowly 
approached the zero point, indicating a negative current. At the same moment 
there appeared an aurora. \\ 8:30, when the aurora was brightest, the gal- 
vanometer indicated no currenL And so on through the night, changes in the 
aurora were accompanied with movements of the needle. Our author believes 
that the effect of an aurora upon the magnetic needle is also shown by the 
ordinary diurnal cur\'e of declination at Godthaab. We have not space to give 
Paulsen's statements as to the various forms of auroral curtains, beams and 
dra(>eries and the relationship which he traces between their f>osition and the 
deviations of the magnetic needle. He comes to the conclusion that the 
aurora must be considered as 2l fluorescence produced by the absorption of radi- 
ant energy originating in the upper regions of the air. Physically speaking, 
it is not the aurora which emits the luminous ravs, but the invisible ravs which, 
undergoing transformation appear as an auroral drapery or curtain. The 
explanation of the aurora generally given, namely that it is a discharge of 
electricity in rarified air, has some difficulties, for it is known that in arctic 
regions displays have been seen at the ver>' bottom of the atmosphere and 
under ordinary pressure condition. How could we explain the enormous dif- 
ference of potential which would be necessar)% and how could a current strong 
enough to make the air incandescent at a pressure of about one atmosphere 
stop suddenly without continuing on to the ground ? If the auroral rays are 
electrical currents the paths would be determined by the conductivity of the 
air ; but the auroral rays have always a rectilinear position and when dis- 
placed, which is with enormous rapidity, come back to the initial position. 
Finally, observations show that great auroral displays may occur without sen- 
sibly disturbing the needle. We can suppose that the electric currents are 
Purely secondary effects of the aurora. It is not an electrical current which 
causes the aurora^ but the aurora which causes electrical currents. Paulsen 
then traces at some length the resemblance of the auroral light to radiations 
emitted by the negative pole of a tube in which the air has been, rarified and 
in fact considers the auroral light as somewhat analogous to the cathode 
radiation. As to the source or better seat of origin of the auroral energy 
Paulsen assumes the existence of a layer of negative electricity residing in the 
upper regions of the atmosphere. 

It should be noted in connection with Paulsen's views that Bigelow in the 
American Journal of Science, August 1895, says with reference to the trans- 
formation of ether vibrations in the atmosphere: " Like phosphorescence and 
fluorescence we may regard the auroral light as the product of the transforma- 
tion of vibrating energy into the required period by means of the atomic and 
molecular elements of the air, as a system of step-up transformers." 

Alexander McAdie. 
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DETERMINATION OF THE MAGNETIC ELEMENTS IN SWEDEN. 

Carlheim-GyllenskOld, v.: D<! terminations des dUments magn^ttques 
effectuies sur la glace de quelques lacs en Suhde pendant Vhiver i88g, 
Bihang till K. Svenska Vet.-Akad. Handlingar. Bd. 20, Afd. i, No. 8. 
Stockholm, 1895. 32 S. 8°. 

. Magnetiska deklinations-observationer utforda pd svenska kuster of 

svenska sjoofficerare dren 1832-1833, Ofversigt af K. Vet.-Akad. 
Forhandlingar, 1894. No. 2. Stockholm, 1894. 10 S. 8°. 

. Observations magn^tiques faites par Th, Arwidsson sur les cdtes de la 



Suhde pendant les ann^es 1 860-1, K. Svenska Vet.-Akad. Handlingar. 
Bd. 27, No. 8. Stockholm, 1895. 22 S. 4°. 

Der Zweck des ersten der obigen Aufsatze war, zu untersuchen, ob die 
haufigen Abweichungen localen Charakters, die bei einer friiheren (1886) vom 
Verfasser unternommenen magnetischen Aufnahme siidlichen Schwedens 
am Lande aufgefunden worden, durch sehr nahe gelegenen eisenhaltigen 
Bergarten zu erklaren waren. Die Bestimmungen der drei Elemente wurden 
mit einem Lamont'schen Reise-Theodolit ausgefiibrt. Die Nadel lasst sich 
bekanntlich nicht umlegen, sodass der Collimations-Fehler eigens bestimmt 
werden musste ; schwieriger aber, und daher ungenauer, ist die Bestimmung 
der nicht aufzuhebenden Torsion durch Ablenkungs-Beobachtungen. Win- 
diges Wetter verhinderte Schwingungs-Beobachtungen wahrend der Reise, 
so dass die Horizontal- Intensitat nur durch Ablenkungen gemessen wurde ; 
dabei wurde die Anderung des magnetischen Moments der Zeit proportional 
angenommen. Die Inclination wurde durch Induction der Vertical- Intensitat 
in weichen Eisenstaben bestimmt, eine Methode, die jedoch keine grossere 
Genauigkeit zulasst. Der Vergleich mit den durch Interpolation, unter 
Beriicksichtigung aller Beobachtungen der friiheren Aufnahme, ermittelten 
Werten ergab, dass die Declination auf den Binnenseen durchweg kleiner, 
und zwar im Mittel um 51 ', beobachtet wird, die Horizontal-Intensitat durch- 
weg grSsser, im Mittel um 12 Einheiten der vierten Decimale TC. G. S.), die 
Inclination meistens grosser (Mittel aus alien Vergleichungen 6'); doch fan- 
den sich auch kleinere negative Abweichungen. Die einzelnen Differenzen 
weichen aber bei alien drei Elementen betrachtlich von einander ab, woratis 
zu schliessen ist, dass man auch durch Beobachtung auf dent Eise grosserer 
Seen nicht von rein localen Perturbationen befreit werden kann, 

Im zweiten Aufsatz hat Verf. Beobachtungs-Reihen der Declination an 
der schwedischen Kuste und am WenerSee, ausgefUhrt von V. af Klint (1852 
und 1853) und Th. Arwidsson (1854 und 1855) einer neuen Berechnung 
unterzogen. Dieselben sind zwar publicirt, aber mit grSsseren constanten 
Fehlem behaftet. Klint beobachtete mit zwei Azimuthal-Compassen, von 
denen die eine, mit B bezeichnet, jetzt einen Index-Fehler von — 63 .1 zeigt, 
die andere einen solchen von — 24 '.6. No. B hatte aber vom Beginn an einen 
anderen und kleineren Index-Fehler, welcher, so gut es anging, durch Ver- 
gleich mit spateren Beobachtungen an denselben Platzen, reducirt zu der- 
selben Epoche, bestimmt wurde ; der jetzige grSssere Index-Fehler wurde 
durch Unmagnetisirung der Nadel wahrend der Reise herbeigefiihrt. Die 
Bestimmungen Arwidsson*s waren mit einem Lamont'schen Theodolit mit 
umlegbarer Nadel ausgefiibrt ; dabei scheint aber die Torsion des Aufhange- 
fadens nicht aufgehoben gewesen zu sein ; aus spateren Beobachtungen fol- 
gert Verf. eine Torsion von der Reihe nach 108 .7 (10 Comparationen) ; 103 '.6 
(7 Comp.) ; 108 '.2 (3 Comp.); eine sehr befriedigende Ubereinstimmung, 
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wenn man bedenkt, dass eine so grosse Torsion sich auch mit der Zeit ver- 
andert. 

Der dritte Aufsatz enthalt die vom Verfasser berechneten Beobachtungen 
Arwidsson's i860 und 1861 der Horizontal-Intensitat und Inclination mit 
einem Lamont'schen Theodolit ; auch werden die friiher publicirten gleich- 
zeitigen Bestimmungen der Declination beigegeben, reducirt wegen taglicher 
Variation. Die Horizontal- 1 ntensitat wurde meistens nur durch Ablenkungen 
bestimmt ; um dabei die Anderung des magnetischen Moments mit der Zeit 
beachten zu konnen, geht Verfasser von anderweitig bekannter Horizontal- 
Intensitat in Stockholm, Copenhagen und Christiania aus. Die Haupt- 
Constanten waren von Lamont bestimmt. Die Inclination wurde durch 
Induction in weichen Eisenstaben ermittelt, wobei die Constante durch nur 
eine gleichzeitige Bestimmung mit einem Nadel-Inclinatorium erhalten wor- 
den war ; den Anderungen derselben mit der Zeit wurde vom Verf. in 
derselben Weise Rechnung getragen, wie dies bei der Horizontal-Intensitat 
geschah. £. Solander. 



THE MAGNETIC DECLINATION AND ITS SECULAR VARIATION. 

Weyer, G. D. E.: Die magnetische Declination und ihre sdculare Ver- 

anderung fUr 48 Beobachtungsorier, berechnet ah periodische Functionen 

jUr jeden einzelnen Ort aus den daselbst angestellten Beobachtungen. 

Nova Acta d. K. Leop. — Carol. Deutsch. Akad. d. Naturf. Bd. 63. No. 3. 

S. 313-397. Halle 1895. 25 X 32'^*"- Repr. pp. 87. 

In this publication Dr. Weyer of Kiel gives the results of his painstaking 
investigations of the secular change of the magnetic declination for the 
following 48 stations: 

Alexandria (Egypt), Ascension I., Astrakhan, Bay St. Augustin (Nosy \€ 
Madagascar), Baltimore, Bergen, Berlin, Boston, Bourbon (Reunion), Brest, Brussels* 
Cadiz, Cambridge (U. S. A.), Cartagena, Christiania, Cape Comorin, Concepcion» 
Capetown, Copenhagen, Cape St. Augustin and vicinity of Pernambuco (Brazil)* 
Danzig, Fernando Noronha, Fort Pr. of Wales, St. Helena, Irkutsk, Jakutsk, Konigs- 
berg, Lisbon, London, Macao, Madeira, Martinique, Mauritius, Nuremburg, New York, 
Paris, St. Petersburg, Plymouth, Quebec, Rio de Janeiro, Rome, Sokatra, Stockholm, 
Tobolsk, Tongatabu, Tome&, Valparaiso and York Factory. 

In two conveniently arranged tables he exhibits the complete data upon 
which the deduced trigonometric expressions are founded, likewise the computed 
elements and results. A graphical representation of the chief characteristics 
of the sec. var. of the mag. decl. at each station is also given. Want of space 
will prevent us from going further into detail, nor can an interesting com- 
parison be given between some of Weyer's results and those of Littlehales, 
whose list of sec. var. expressions {cf, pp. 62 and 89, No. 2) covers nine of 
Weyer's stations.' 



Notice. — Owing to the amount of excellent matter submitted for publica- 
tion, we have been obliged to exceed our prescribed limit by ten pages. 
Certainly a most healthy and encouraging sign ! 



'Prepared from an abstract furnished the Journal by Mr. G. Herrle, Chief 
Draughtsman, Hydrographic Office, U. S. A. 
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ISANOMALES ET VARIATIONS S^CULAIRES DES 
COMPOSANTES F ET ^ DE LA FORCE MAG- 
N^TIQUE HORIZONTALE POUR L'lfePOQUE 1857. 

Par le Lieutenan t-G ^n^ral de Tii.lo. 
Correspondant de I'lnstitut de France. 

Pour rendre complete la serie des cartes des isanomales et 
des variations seculaires de magnetisme terrestre je viens de 
construire les quatre cartes ci-jointes qui se rapportent a la 
composante occidentale — Y — et a la composante nord — X — 
de la force horizontale. 

C'est seulement grace au concours de M. le docteur Adolphe 
Schmidt de Gotha que j'ai pu executer ce travail, car jusqu'a ce 
jour je n'avais a ma disposition pour les composantes en ques- 
tion que les valeurs se rapportant a T^poque de 1829 consignees 
dans Touvrage de MM. Ermann et Petersen. Les valeurs cal- 
culees par Monsieur A. Schmidt correspondent a T^poque de 
Tan 1885 ; elles sont bashes sur T Atlas de magnetisme terrestre 
de M. Neumayer. 

Apr^s avoir calcule les moyennes pour les differentes lati- 
tudes, j*ai construit les cartes des isanomales F et -^ pour les 
deux epoques de 1829 et de 1885 et puis j*ai dresse les isano- 
males pour Tepoque moyenne, c*est a dire pour Tan 1857 ; ce 
sont les cartes I et II de cette publication. 

Pour cette m^me epoque (1857) j*ai calculi les variations 
seculaires annuelles et je les ai representees graphiquement sur 
les cartes III et IV ci-jointes ( A Fet A^). 

163 



u - 
o u 




1 68 A. DE TILLO [Vol, I. No. 4] 

En comparant ces cartes I, II, III, et IV avec les cartes de 
mon Atlas on s*aper<^oit qu'il y a ressemblance frappante entre 
les cartes des isanomales de la declinaison D et que de meme il 
existe une grande ressemblance entre la carte des isanomales de 
la force horizontale — H — et la carte des isanomales de la com- 
posante nord de cette force X. On voit aussi que les lignes 
d'egale variation seculaire ont egalement une grande similitude 
reciproque (AZ>et AF; A//et A^V). 

Au fond on peut dire qu'il existe deux groupes d'isanomales : 
le premier groupe contient le systeme X, F, Z,' et le second 
groupe contient les elements //, D, /,' et il y a grande ressem- 
blance respective entre les isanomales et les lignes d'egale varia- 
tion seculaire. D'un cote ce sont : X, ^X; F, A F; Z, \Z et 
de I'autre cote: H, \H; A A/); /, A/. 

Les isanomales du potentiel ont la meme forme que celles de 
la force verticale, seulement la valeur des digressions est deux 
fois plus petite chez le potentiel. 

L'aspect general de toutes les cartes des isanomales confirme 
mon assertion de la division du globe en deux hemispheres dans 
le sens meridional, de sorte que dans Tun de ces hemispheres la 
valeur des elements est plus grande que dans Tautre. Les 
changements seculaires des composantes Y ^i X s'effectuent 
aussi de maniere a ce que dans une moitie du globe ils sont 
positifs et dans Tautre partie negatifs. 

Les quatre cartes ci-jointes sont construites d'apres la projec- 
tion equivalente equatoriale de Lambert. Klles font suite aux 
cartes renfermees dans mon Atlas publie par la Societe Imperi- 
ale russe de Geographic pour Tepoque 1859 (1857). La Society 
Meteorologique de France a publie dans son Bulletin de Tannic 
1895 c*"^ cartes des isanomales magnetiques pour Tepoque de 
1885 d'apr^s la projection Mercator. 

' Force verticale. 
' Inclinaison. 



ON THE DISTRIBUTION AND THE SECULAR VARIATION 

OF TERRESTRIAL MAGNETISM; NO. IV: ON THE 

COMPONENT FIELDS OF THE EARTH'S PERMANENT 

MAGNETISM.^ 

By L. A. B A u e r. 

[Abstract.] 

This paper is a continuation of the attempt begun in No. II of 
these researches" to localize the centers of disturbance in the Earth's 
permanent magnetic field. In the previous paper (No. II) the normal 
distribution of the Earth's magnetism was taken as that resulting 
from a homogeneous magnetization about the Earth's rotation axis. 
The residual field, among other things, showed a decided polarization 
along the equator. The next logical step then in the breaking up of 
the Earth's complex field into component fields would be to deduct 
from the residual field this one due to the equatorial polarization. 
This has been done in the present paper. 

The normal distribution is now defined as that due to a homoge- 
neous magnetization about an axis inclined to the Earth's axis and 
passing through the Earth's center. This manifestly includes both 
the polar and the equatorial fields referred to above. The position of 
this axis and the value of the magnetic moment due to the magnetiza- 
tion assumed might be obtained in various ways. For the preliminary 
chart which accompanies this paper the position of the axis and the 
value of the magnetic moment have been taken as defined by the 
terms of the first order of the Gaussian analysis. These terms, 
namely, represent that part of the Earth's total magnetic field which 
can be referred to a homogeneous magnetization about some inclined 
diameter. The values resulting from Dr. Schmidt's computations not 
being conveniently at hand when this investigation was begun, those 
given by the Neumayer-Petersen computation, which, moreover, agree 
very nearly with the former's, were taken for this preliminary trial. 

* Read before the American Association for the Advancement of Science^ Buffalo 
meeting, Aug. 26, 1896. Also presented in abstract, accompanied by a chart, by Mr. 
Watson at the Liverpool meeting of the British Association. A copy of the chart 
was likewise sent to Profe'^sor Mascart for the inspection of the members of the 
International Meteorological Conference. 

* Printed in the American Journal of Science ^ Vol. 1, pp. 1 09-1 15, 189-204, 314-325. 
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The normal distribution adopted isy accordingly^ that resulting from a 
homogeneous magnetization^ the axis of which joins the points on the 
Earth's surface whose geographical co-ordinates are 78^ ,3 N.y 6y^ ,j W, 
of Gr. and y 8^. J S., 1 12^ .j E.y and the magnetic moment of which 
has the value 0.32237 a^ C. G. S. units ^ a being the Earth's mean radius. 

Next the values of the normal magnetic potential were computed 
for points lying 20° apart in longitude, beginning with the meridian 
of Greenwich and situated on ^he parallels of latitude 70°, 60°, 40°, 
20° north, equator, and 20°, 40°, 60° south, /. e., for 144 points in all. 
These values were then subtracted from those given by the Neuraayer- 
Petersen computation, which represent the Earth's magnetic potential 
to terms of the fourth order. The residual values were plotted and 
the equipotential lines of the residual field drawn. The residual field 
thus obtained would represent the field actually remaining after sub- 
tracting from the Earth's total field that due to homogeneous mag- 
netization, if the Gaussian potential to terms of the fourth order 
embraced the total field, which, as is well known, it does not. 

Therefore, to get more truly the residual field — to deal with 
observed quantities, not with computed ones — I next pursued a 
method analogous to that recently adopted by Riicker. I computed, 
namely, the values of the vertical force, of the northerly and of the 
easterly components due to the assumed normal magnetization for 
points distant 30° in longitude and situated on the parallels 60°, 40°, 
20° north equator, and 20°, 40°, 60° south. The computed values were 
subtracted from Schmidt's observed ones,' the lines of equal residual 
vertical force were drawn on a map, and the horizontal component due 
alone to the r^j/V///^/ magnetization was plotted in direction and magni- 
tude for the points mentioned. Thus the chart accompanying the paper 
was obtained.^ In conformity with Airy's and Riicker's method of desig- 
nation the north end of a magnetic needle was represented in red, the 
south end in blue.* For the regions, then, over which the north end 
is attracted, the lines of equal residual vertical force were colored red, 
and for the regions where the north end is repelled or the south end 
attracted, colored blue.* The black lines forming the boundaries of 
the red and blue regions join the places where the residual vertical 

* As given in his Mitteilungen iiber eine neue Berechnung des erdmagneiischen 
Potentials^ Munchen, 1895, p. 51. 

^For several copies of the base of this chart (122 x 68 cm) I am indebted to my 
friend, Mr. Littlehales. 

* For convenience in the reproduction of the chart in the Journal the color blue 
was changed to black. 
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force has the value zero. The scale used to represent the magnitude 
of the horizontal component was : 

i'° = 0.3 C. G. S. units, or 
i«°=o.oi2 *• 

The chart presents a striking appearance. Over the red regions 
the north end (red arrow) points towards the foci of the red lines of 
equal residual vertical force Over the blue regions the south end 
(blue arrow) points towards the foci of the blue lines. These foci 
then we may regard in a certain sense as subordinate magnetic poles, 
those of the red regions being the north-end attracting poles, those of 
the blue the south-end attracting.* Whether these subordinate poles 
have a physical existence or are merely the result of our mode of 
decomposition depends in the first instance upon whether the homo- 
geneous magnetization assumed as normal has a physical existence. 
It would seem to me the fact that the Gaussian analysis gives us values 
for the coefficients of the first order terms which so greatly exceed 
those of the remaining terms, implies that a large part, if not 
the whole, of the homogeneous magnetization resulting from these 
first order terms must be given a physical existence, and a distinct 
physical cause nmst be assigned to it. The writer finds that this sim- 
ple magnetization will on the average for the region considered (60° 
north to 60^ south) give at least 70 per cent, of the total force of the 
Earth's entire field. 

The next question one might ask is : Is the residual field now 
obtained entirely the result of the heterogeneous geological formation of the 
Earth? That is, is it in the true sense of the word an "anomalous" 
field ? Can none of it be referred to a theoretical component resulting 
from the fact that the Earth rotates about an axis not coinciding 
with the axis of homogeneous magnetization ? As will be seen, there 
are certain strong indications that apparently hold out hope that we 
may be able to still further break up this residual field and that 
consequently we have not yet obtained the purely "anomalous" field. 

By comparing the chart of the residual field with magnetic charts 
of the total field, it is found that the position of the subordinate pole 
{N^) in China nearly coincides with the center of the oval of westerly 
declination in this region, and furthermore that the subordinate mag- 
netic north pole (AV) in the south Atlantic falls in the region of 
greatest disturbance of horizontal intensity (see Xeumayer*s lines of 

'For convenience in the reproduction of the chart for the Journal the color blue 
was changed to black. 
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equal horizontal intensity for 1885). Again, in the region occupied 
by the two foci 5/ and 5/ great local disturbances are found. So 
can likewise the minor foci be referred to well-known phenomena in 
the distribution, such as for example the peculiar distribution in North 
America (see N^. Thus the residual field localizes for us the centers 
of the regions of "anomalous" distribution of the Earth's mag- 
netism. 



SUBORDINATE MAGNETIC POLES OR CENTERS OF RESIDUAL FIELD IN 

1885. 







From LJnci 


i of Equal Residual 




From the 


Schuster's 








Vertical Force 




Equi-residual- 


Diurnal 


General Loca- 








Vertical Force 


potentials 


Variation Poles 


tion 


Dcsig 


■ Lat. 


Long. 


Obs'd Normal Residual 


Lat. Long. 


Lat. Long. 




nation 

N, 


(1 

60 s 


E. of Gi 


'.) (C. G. S.) 




(E.ofGr.) 


(E.ofGr.) 


S. Atlantic, near 


330^ 


•344 -494 


+.150 


60 'S 340 


40^S 345^ 


S. Georgia Is. 
















China, near 


N. 


40 N 


120 


+.437 +.306 


+.131 


40 N 1 20 


40 N 1 20 


Pekin. 
















U. S. A., near 


N, 


40 N 


270 


+.576 +.497 


+.079 


40 N 260 




St. Louis. 
















Mid -Pacific O., 


N4 





210 


-f .010 — .050 


+.060 






near Christ- 
















mas I. 
















Africa, Kongo 


S', 





30 


—.133 —.017 


— .116 


10 N 20 


) 


State. 














MON 345 


Shetland Is. 


S-, 


60 N 





-f.466 +.571 


—.105 


60 N 


) 


S.Pacific 0., near 
















Dougherty L 


s. 


60S 


240 


— .606 —.506 


—.TOO 


60S 180 


40 S 120 


Bering Sea. 


s. 


60 N 


180 


-[-.501 -1-520 


— .019 






' 



From this table it will be seen that the positions of the primary 
centers or foci of the residual field as given by the lines of equipoten- 
tial are nearly the same. Of course theory does not require that they 
coincide. A remarkable coincidence will be noted by comparing the 
positions of the foci of the equipotential lines of the residual field 
with the corresponding ones of the diurnal variation field referred to 
mean Greenwich noon of the summer months of the year 1872, as 
determined by Schuster. The only case where there is a considerable 
difference in the positions of the corresponding foci is in the case of 
Sj in the southern hemisphere. This may possibly be due to an 
imperfect determination of the equipotential lines of the diurnal field 
in the southern hemisphere. It should be recalled that Schuster at 
the time of his investigation only had records at four stations in the 

♦The letter tells which end of the needle is attracted by the subordinate pole. 
Of course the positions given can only be regarded as approximate. 
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northern hemisphere, and that he had to assume that the field would 
be symmetrical about the equator. Of course the coincidence in the 
position of the foci applies only to mean Greenwich noon. At some 
other time the poles of the two fields would not coincide, since the 
diurnal field shifts to the westward with the time of day, whereas the 
residual field is a permanent one. 'Yh^ pointy however, is this: that the 
magnetic system of the residual field has the same general characteris- 
tics of Schuster's diurnal variation fields viz.: a north and a south mag- 
netic pole in each hemisphere, the former lying east of the latter in 
the northern hemisphere and west of it in the southern. Further- 
more, the opposite poles lie roughly north and south of each other in 
the two hemispheres. These poles in both hemispheres are roughly in 
latitude 40° and are distant in longitude by approximately the same 
amount as the poles of the diurnal field. In brief if the residual field 
were to revolve around the Earth in an east-west direction just as Schuster 
supposes his system of equipotential lines does, it would produce a varia- 
tion of the same character as the diurnal variation. Or, since Schus- 
ter's analysis has shown that the cause of the diurnal variation lies out- 
side the Earth, suppose that the residual field were to induce, in a 
region outside, a magnetic system similar to its own and that the latter 
were to stand still while the Earth rotates beneath it, then would this 
system give rise to a diurnal variation of the same character as the 
observed variation. 

This can be tested in the following way. The diurnal variation of 
the vertical force for a station in the northern hemisphere is of an 
opposite character to that for a point in the southern hemisphere, if 
we refer the variation in each case to the north end of the needle. 
Precisely the same fact obtains with regard to the variation of the ver- 
tical force with respect to longitude for corresponding latitudes in the 
two hemispheres. This is not the case with regard to the homogene- 
ous magnetization field. Here the curve showing the distribution of 
the vertical force along a parallel of latitude is not inverted in cross- 
ing the equator, as in the case of the residual field. The former curve 
has one minimum and one maximum, while the latter, like the diurnal 
variation curve, has two minima and two maxima. 

The magnetic moment of the polar component of the homogene- 
ous magnetization field is nearly ^\t. times that of the equatorial com- 
ponent. The residual field gives rise to effects of about the same 
order of magnitude as those due to the latter component. On the 
chart referred to the components of the Earth's horizontal force due 
to the various fields were drawn to scale for the point where the " resid- 
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ual" component is a maximum, viz., in 20° south latitude and zero 
longitude, /. ^., near St. Helena. It should be noted that this is the 
region where we encounter the largest secular variation changes. 
Referring to my paper on the " Secular Motion of a Free Magnetic 
Needle" it will be seen that in this region we have the secular-motion 
curve of largest area The magnitude (H) and direction (magnetic 
declination D) of the components for this point are as follows : 



H 


D 
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(north end 
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W.ofN.) 
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The second largest residual component (H = 0.1 00 C. G. S.) was 
found near Cape Horn. 

Other interesting deductions have been drawn, which, however, 
cannot be presented in a few lines.' The paper, moreover, it is hoped, 
will soon be printed in full. 

A careful study of this residual field will probably prove valuable. 
The polar homogeneous magnetization as the Earth performs its 
diurnal rotation will, of course, not induce electric currents in the 
Earth, but simply give rise to a distribution of free electricity. The 
case is, however, different with regard to the equatorial homogeneous 
magnetization, for this part of the Earth's magnetism is un symmetrical 
about the rotation axis. Just what the resultant effect will be — 
whether any part of the residual field obtained above can be referred 
to such a cause — these are questions which, owing to the complex 
structure of the Earth cannot be answered off-hand. They seem to 
the writer questions of vital importance. 

' It is possible, for example, to ascertain the component of the Earth's magnetism, 
to which the secular variation is mainly to be referred. Again, with regard to earth- 
air electric currents, a curious result has been obtained, viz., the curve showing the 

variation with latitude of | Yd\ Y being the easterly component of the Earth's mag- 
netism, and d\ the elemental arc of longitude, exhibits nearly the same general char- 
acteristics, provided the integral be referred in the northern hemisphere to the north 
end of the magnet and in the southern to the south end, as the curve giving the mean 
atmospheric pressure for various latitudes. We have maxima in latitude 40 N. and 40 
S., and a minimum for 5"" N. Notice that the latitudes 40" figured prominently in the 
positions of the centers of the residual field. These may be mere coincidences ; never- 
theless, they are worthy of note and merit careful attention. Compare note at end of 
No. II of these researches. 



all(;emeinkr ausdruck fur die coefficienten 
der formel fur die ablenkung finer magnet- 
nadel durch einen ablenkungsstab in belie- 
biger lage. 

Von D R. C. B o R (; k n i n \V i i. h e l m s h a v e n. 

Der Ausdruck fiir die Ablenkung einer Magnetnadel durch einen 
Magnet ist bisher iiieistens nur fiir bestiniint definirte Stellungen des 
letzteren und bis zu einer massigen, aber ini allgeuieinen ausreichenden 
Grenze der negativen Potenzen der Entfernung zwischen Ablenkungs- 
stab und Nadel abgeleitet worden. So von Gauss* fiir die Lage des 
Ablenkungsstabes in der Horizontal-Ebene durch die Nadel und senk- 
recht zum magnetischen Meridian, von Lamont' fiir diese und ver- 
schiedene andere Lagen, besonders fiir die, seitdera vielfach zur 
Bestimniung der horizontalen Componente der erdmagnetischen 
Iniensitat angewandte Stellung des Ablenkungsmagnets senkrecht zur 
Nadel. Von den Beschrankungen der speciellen Lagen des Ablenkungs- 
stabes in der Ebene machten sich frei Riecke,^ Kowalsky und 
Fritsche,* aber auch sie behielten die Beschrankung bei, dass die Axe 
des Magnets in der durch die Nadel gelegten horizontalen Ebene 
liegen solle. Dr. Fritsche ging auch noch einen Schritt weiter und 
fiihrte die Reihen-Entwickelung bis zur Potenz e~^, wahrend man sich 
bisher mit der Potenz e~'' begniigt hatte. Iin Jahre 1891 veroffent- 
lichte Verfasser^ eine Formel fiir die Ablenkung, welche durch einen 
Magnet hervorgebracht wird, dessen Lage im Rauine ganz beliebig 
ist und leitete aus derselben die Ausdriicke fiir eine Reihe von Special- 

* C. F. Gauss : Intensitas vis magneticae terrestris ad mensuram absolutam revocata. 
Wo allerdings auf die Abhangigkeit der einzelnen Glieder von der Vertheilung des 
Magnetismus im Stabe nicht naher eingegangen wird. 

'Lamont: IJandbuch des Erdmagnetismus. III. Abschnitt. 

3Riecke in Poggendorfs Annalen^ Band 149, S. 62 und Wiedemann's Annalen^ 
Bd. VIII, S. 299. 

^ Fritsche : Ueber die Beslimmung der geographischen Ldnge und Breite und dir 
drei Elemente des Erdmagnetis/nus durch Beobachlungen zu Lande. Hierin auch eine 
Notiz iiber Kowalskv's Arbeit. 

sBorgen: Ableitung des Ausdruck's fiir die Ablenkung einer Magnetnadel 

durch einen Magnet, dessen Lage im Raume eine beliebige sein kann. Aus dem 

Archiv der Seewarte^ 1 891, No. 2. 
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Fallen ab. Als Grenze der Reihen-Entwickelung wurde wie bei 
Lament e~'' festgehalten. 

Verschiedene Umstande, namentiich Untersuchiingen iiber die 
Poldistanz von Magneten, drangten dera Verfasser die Uberzeugung 
auf, dass es unumganglich nothvvendig sei bei Bestinimungen dieser 
Art wenigstens noch Glieder der Ordnung e~'^ zu beriicksichtigen. 
Da die angewendete Methode eine allgemeine Entwickelung der Ablen- 
kungsforniel, wenn auch nur fiir die Horizontal- Kbene, voraussetzte, 
so wurde versucht, einen allgemeinen Ausdruck fiir die Coefficienten 
der Reihen-Entwickelung herzuleiten, uin mittels desselben jeden 
beliebigen Coefficienten, dessen Kenntniss etwa erwiinscht sein konnte, 
fiir sich allein ermitteln zu konnen. Die Forniel (24) in Dr. Fritsche's 
Werk hatte ja ausgereicht, uin die Glieder der Ordnung e~'* zu beriick- 
sichtigen, es lag deni Verfasser aber daran, sich auch iiber die 
hoheren Glieder ein Urtheil zu verschaffen. Der gefundene Ausdruck 
ist verhaltnissmassig einfach und da vielleicht auch Andere wiinschen 
konnten, fiir irgend eine Ablenkungsart die Reihen-Entwickelung 
weiter fortzusetzen als bisher geschehen ist, so schien es wohl einiges 
Interesse zu haben, denselben hier mitzutheilen. 

Die Abstossung, welche zwei den Magnetisnms dm und dm' ent- 
haltende Punkte Ps und P„ die respective in dem Stabe* und in der 
Nadel, ersterer in der Distanz x, letzterer in der Distanz x' von den 
respectiven Mittelpunkten der Elementarmagnete, gelegen sind, auf 
einander ausiiben, wird gegeben durch 

dm dm' 

(pTPu)'' 

dabei moge die Nadel urn den Winkel <^ aus dem magnetischen Meri- 
dian abgelenkt sein. 

Zieht man von F, eine Senkrechte PsP^„ auf die Richtung der 
Nadel, und ist deren Projection in der durch die Nadel gelegte Hori- 
zontal-Ebene P'^ E„, so ist das von dm auf die Nadel in /*„ ausgeiibte 
Drehungsmoment gleich 

dm dm' P,E„ P', E„ , _ P', E„ , 

(AP^y ' p^p^ • p^E^ "" "{PsP.y "" ; 

und das ganze Drehungsmoment der Nadel 



// 



X ' dm dm ' . 



{P,P..Y 

Dieses Drehungsmoment sucht den Nordpol der Nadel zuriickzustossen, 
den Siidpol anzuziehen, also die Nadel dem Meridian zu naheren ; in 

*Der Kiirze wegen schreibe ich einfach Sfab statt Ablenkun^sstab. 
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demselben Sinne wirkt aber auch der Erdmagnetisiiius mit dem Moment 

x' dm' . I/s\n <f>-- M' //sin 4> , 



/ 



wenn das iiiagnetische Moment der Nadel mit M', die horizontale 
Componente des Erdmagnetismus mit // bezeichnet wird. Da die 
Nadel sich in Ruhe befindet, so ist die Summe der auf sie wirkenden 
Krafte gleich Null, und wir erhalten die Ruhegleichung : 

worin die Integrationen iiber die ganze Lange der Magnete ausgedehnt 
werden miissen. 



(i) M'Hsm <!> + ff^^, ^' ^'^ dm' ^o, 



Wir fiihren nun folgende Bezeichnungen ein : 

^ = Entfernung der Mittelpunkte von Nadel und Stab; 

a = Projection von e auf die Horizontal- Ebene durch die Nadel ; 

f — Hohe des Mittelpunktes des Stabes oberhalb oder unterhalb dieser 
Ebene ; 

X = Entfernung von dm vom Mittelpunkt des Stabes ; 

.v' = Entfernung von dm' vom Mittelpunkt der Nadel; 

a = Winkel, welchen die Linie a mit dem magnetischen Meridian bil- 
det; 

P = Winkel, welchen die Projection der Axe des Stabes auf die Ebene 
durch die Nadel mit dem magnetischen Meridian bildet ; 

<^ — Ablenkungs-Winkel der Nadel ; 

«/r — Neigung der magnetischen Axe des Stabes gegen die Verticale. 

Die Winkel a, j3, und 4> werden in der Ebene des Horizonts von 
N durch O, S, und W von 0° bis 360° gezahlt, wahrend «/r vom Zenith 
aus nach beiden Seiten von 0° bis 180° gerechnet wird, und alle Winkel 
beziehen sich auf die Lage des Nord-Endes von Nadel und Stab; 
endlich soil / positiv sein, wenn der Stab oberhalb, negativ wenn er 
unterhalb der Ebene durch die Nadel liegt. 

Wenn man sich die Figur entwirft, so wird man ohne Schwierig- 
keit ersehen, dass : 

P/ E^^^a sin (a — <f>) -\- x sin «/r sin {P — ^), 
{P, P„y = e" + x" + x''' ^ 2fx cos «/r + 2 ax sin «/r cos (a — j8) 

— 2 ax' cos (a — <^) — 2 xx' sin ^cos (fi — 4) 

ist, und wenn dies in (i) eingesetzt wird, so ersieht man leicht, dass 
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(2) Arilsin4> = 

-\ 2ax' cos (a— <^) + 2 xx' sirn/r cos (j3 — <^)1 > "a 

ist, wenn wir setzen : 

-r^ =— I jc' + x'' + 2|/cos^+ a sin ^ cos (a — fi) ^x 



(3) 



^ 



= -{x^ + x''-\- 2gx) 



B ^= -\ 2 a x' cos (a — <^) + 2 xx' sin ^cos (j8 — <^) 
£s ist nun : 

2.4.6 

2.4.6....(2r+2) 2r+i^ '^ 



r=oo 



=2 



r=o 



Hieraus, in Verbindung mit der Form der Werthe von A und B^ 
ersieht man, dass das allgemeine died der Entwickelung von 
M' HsiTi ^ die Form 

K„ ^,x** x'**' dm dm' 



//' 



•«, «' 



haben wird, und es ist die Aufgabe einen Ausdruck fiir K^„. zu finden, 
welcher alle Combinationen von Potenzen von A und B umfasst, wel- 
che ein mit ^^''^r'"' multiplicirtes died enthalten. Dabei konnen 
jedoch alle dieder weggelassen werden, in denen n oder n' eine 
gerade Zahl ist, well das Product xf* dm, resp. x'** dm' , in der Nord- 
und Siidhalfte des betreffenden Magnets entgegengesetztes Vorzeichen 
hat, die Sumrae der einander entsprechenden Producte und damit 

auch das Integral | x^ dm, resp. | x'**' dm' ^ daher gleich Null werden 

muss. Dies gilt allerdings nur unter der Voraussetzung, dass der 
Magnetismus in den Staben symmetrisch vertheilt ist, was nicht noth- 
wendig iramer der Fall zu sein braucht. Diese dieder werden aber 
immer sehr klein sein und konnen iiberdies durch die Anordnung der 
Beobachtung vollig eliminirt werden. 
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Durch folgende Erwiigiingen gelangt man nun leicht zu dem 
gesuchten Ausdruck fiir den allgemeinen Coefficienten K^^-: 

1. Da x' gemeinschaftlicher Factor beider Glieder von B ist, so 
wird jede (ungerade) Potenz von B von i bis //' in Verbindung mit 
noch naher zu bestimmenden Potenzen von A {A^ eingeschlossen) 
einen Beitrag zu A'^, „ liefern. 

2. Nehmen wir die Potenz -Z?-^ (/ ^ ;/'), so fragt es sich, welche 

Potenzen von {A — B) in der Entwickelung (4) fiir den Coefficienten 
j^„,„' zur Anwendung koinmen miissen. Dies entscheidet sich durch 
die Ermittelung der hochsten und niedrigsten Potenz von A, welche, 
mit B^ multiplicirt, ein x"x'"' enthaltendes (jlied liefert, denn als- 
dann ist der Exponent r der entsprechenden Potenz von {A — B) 
gleich/ plus dem Exponenten von A. 

3. Die hochste Potenz von Ay welche, mit B^ multiplicirt, ein 
x*" x'*" enthaltendes Glied liefert, ist offenbar diejenige, welche mit 
dem nur x'^ enthaltenden Gliede von B^ multiplicirt ein Glied mit 
x**x'*" ergiebt. Dies ist demnach diejenige Potenz von y^, welche 

ein mit x" jc'"'"-^ multiplicirtes Glied enthalt oder ^""^ ' . Im Ex- 

ponenten muss gesetzt werden, weil x' xn A nur in der zweiten 

Potenz vorkommt, wahrend fiir « in diesem Falle nur das Glied 2gx 
in Frage kommt. Hieraus folgt aber nach (2), dass 

2 2 

der Exponent der Jwchsten Potenz von {A — B) ist, welche fiir A'„, „. noch 
in Frage kommen kann. 

4. In ganz gleicher Weise sieht man, dass die niedrigste Potenz von 
A^ welche noch in Verbindung mit B^ einen Beitrag zu A'„.„. liefern 
kann, diejenige ist, welche, mit dem Gliede x^ x'^ oder, wenn p> n 
ist, mit X*' x'^ multiplicirt, ein Glied jc" jt'"' ergiebt. Hier sind daher 

zwei Falle zu unterscheiden, je nachdem / j^ n oder/ > n ist. 

{a) p n. Uui X*' x'**' zu ergeben muss x^x'^ multiplicirt werden 

mit x"~^ x'"'~^, d. h. die kleinste Potenz von A, welche in Frage 
kommt, ist^ 

7 Das Product ^«—/.r '"'—>* findct sich in dem Theile von A''-^^ welcher nur von 

w — / n' — p 
x"^ -\- x"' herriihrt, es muss daher im Exponenten sowohl als auch gesetzt 

werden. Da //, n' und / ungerade Zahlen sind, so sind ihre Differenzen gerade 
Zahlen. 
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«■— / 1^ n —f> M ^ H —a/ 

A ~ ^ 2 = A 2 

und es ist daher der Exponent der kUiusten Potenz von {A — /?), wel- 
che B^ A — ~2 — enthalt, 

2 2 

{b) p > //. Uin x*" x'*"' zu ergeben muss .v" x'^ n^ultiplicirt werden 

u'—p 

mit Jt*'"'"^, Oder ^^ ist zu niultipliciren mit ^ ' , und der Exponent 
der kleinsten Potenz von {A — B), welche noch zu beriicksichtigen ist, 
wird 

2 .2 

Beide Falle lassen sich zusanjinenfassen, wenn man 

_ // + n' -\- {p—n) 

2 

setzt und festsetzt, dass/ — // — . o zu setzen ist, wenn p < n ist. 

5. Wir haben demnach als unteren und oberen Grenzwerth von r 
in der Entwickelung (4) gefunden 

n -\' n' +1 p— n) , 2 n 4- n' -\- p 
r-^ und r —. -^ . 

2 2 

Setzen wir aber r , so haben wir fiir m die Grenzwerthe 

2 

m ^^ und m^=^- 

2 2 

zu setzen, von dcnen der erste der Beschrankung unterliegt, dass der- 
selbe gleich Null zu setzen ist, wenn /<« ist. Innerhalb der Ent- 
wickelung von (A — BY ist es das Glied 

_ r(r-i) (/--/+ i) ^ ,_^ ^^ ^ 

I . 2 .... p 

welches den gesuchten Beitrag zu A'„ „. liefert. Wird dies und der 
eben angefiihrte Werth von r in (4) und (2) eingesetzt, so erhalt man 
die Formel (5) mittels welcher der Coefficient K^„, jedes beliebigen 
X** x'**' durch Producte von Potenzen von A und B ausgedriickt wer- 
den kann. Die weitere Entwickelung ist leicht, wenn man sich die Po- 
tenzen von A und B ein fiir alle Mai hinschreibt, wobei man zweck- 
massig in den ersteren zunachst die in (3) eingefiihrte Bezeichnung 

^ = / cos ^ -j- ^ sin ^ cos (a— j8) 

beibehalt ; man wird sehr rasch iibersehen, welche Glieder in Frage 
kommen. 
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Aus (3) ersieht man, dass die Grossen A und B reine Zahlen- 
grossen sind, dasselbe muss daher auch mit der aus Potenzen von A 
und B zusammengesetzten Grosse T^a-** a'**' der Fall sein, und damit 
dies eintritt, muss F den Factor ^""^" "^"'^ enthalten. Da nun nach (5) 
K„^ ^,^ e~^ , F ist, so muss A",,. „, den Factor e~^*' + «' + «) enthalten, und 
zwar ist dies die fiiedrigste negative Potenz von e^ welche in A'^,,, vor- 
kommt. Denselben Factor raiissen naturgem^ss alle Glieder enthalten, 
fiir welche// + n denselben Werth hat, und man sieht daraus, dass die 
Glieder der Entwickelung von (2) sich in Gruppen theilen lassen, fiir 
welche ^-f" + «'+») gemeinschaftlicher Factor ist, derart, dass nach 
seiner Ausscheidung die A',,„ nur reine Zahlengrossen enthalten, weil 
alle Potenzen von a und / und deren Producte durch Potenzen von e 
von gleicher Ordnung dividirt werden. Aus dieser Betrachtung folgt 
daher, dass, wenn n -\- n' —•/--[- i gesetzt wird, die Glieder mit den 
Factoren A'V , , A'V-j. 3 .... A", ,,_, , K^^ eine solche Gruppe bilden. 

Wenn wir nun Lamont's Bezeichnung 

Ja:'* dm = M^ und Jjv"* dm — M^ 
etnfiihren, mit der Ausnahme (ebenfalls nach Lamont), dass die mag- 
netischen Moraente der Stabe \ x dm=^ M und | x' dm =■ M' ohne 

Index geschrieben werden, so konnen wir den Ausdruck (2) fiir die 
Ablenkung der Nadel, wenn beide Seiten der Gleichung noch durch 
MM' dividirt werden, in folgender Weise schreiben : 



(10) ^l/^*"* — 




Z^ V '•■ M '•-'•' MM' ■ 


, M,Ml_ Mr' 
■ ' '•'-" MM' '•' M' 



r—x 







worin demnach alle A' den gemeinschaftlichen Factor ^■■^'"*^'^ haben. 
In (9) sind die Ausdriicke fiir die Coefficienten bereits nach solchen 
Gruppen geordnet worden. 

M M' 

Was die physikalische Bedeutung von — j^, resp. '', ■, angeht, so 

konnen nach den bisherigen Untersuchungen diesc Grossen als gerade 
Potenzen der Poldistanz, resp. des Stabes und der Nadel, angesehen 
werden, und zwar ist, wenn wir die Distanz der Pole des Stabes mit 
d,, diejenige der Nadel mit d,^ bezeichnen : 

<■■' f=(r'r. ^=(fr 

Unter den Polen eines Magnets sind diejenigen Punkte zu verste- 
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hen, in welchen man sich den ganzen Magnetisnius jeder Stabhalfte 
vereinigt denken kann, urn dieselbe Fernwirkung zu erhalten wie 
diirch die wirkliche Vertheilung des Magnetismus im Stabe. Es ist 
nach den bisherigen Untersuchungen des Verfassers ausserst wahr- 
scheinlich, dass d, und d„ zwischen 0.80 und 0.81 der Lilnge der Mag- 
nete betragen werden, und zwar ist bei stark magnetisirten Stiiben die 
Poldistanz ein kleinerer Bruchtheil der Lange als bei schwach magne- 
tisirten Staben. Dies ist etwas weniger als von F. Kohlrausch® gefun- 
den wurde, welcher \ als das Verhaltniss zwischen Poldistanz und 
Lange des Stabes angiebt ; es ist aber sehr wahrscheinlich, dass bei 
dieser Bestimraung die hoheren Glieder nicht geniigend eliminirt sind. 
Um auf bestimmte Falle, beziiglich der Lage des Stabes zur Nadel, 
uberzugehen, miissen fiir /, a, ^ und ^ entsprechende Werthe einge- 
fiihrt werden. Soil die Axe des Magnets horizontal liegen, so ist 
^ = 90° zu setzen, und wenn dieselbe in der Horizontal- Ebene durch 
die Nadel liegen soil, so wird /=o und a = e. Die Lage der mag- 
netischen Axe senkrecht zum magnetischen Meridian niit dem Nord- 
ende nach Osten wird ausgedriickt durch p ^— 90° und* senkrecht zur 
Nadel durch p — <^ = 90^ ; ebenso ergiebt a - 90°, resp. a — ^ = 90°, 
die Lage des Magnets auf der ostlichen Seite, resp. des Meridians und 
der Nadel, und zwar ist die Verbindungslinie von Stab und Nadel 
senkrect auf dieser ; a = 0° und a — <^ o^, definirt eine solche nord- 
lich v6n der Nadel im magnetischen Meridian, resp. in der Verlange- 
rung der Nadel iiber das Nordende hinaus. 

Es mogen jetzt noch die Ausdriicke fiir einige Ablenkungsarten 
hier einen Platz fmden. 

I. Erste Gauss' sche Hauptlage. Ablenkungsmagnet ostlich von 
und senkrecht auf dem magnetischen Meridian, Nordende nach Osten. 
Hier ist zu setzen : /= o, j/r =:: 90°, a = )3 = 90°, a — )3 = 0°, daher : 

I 2 

A =^ — (.r^4-'^'"+ "2 c x), ^= — sin <^ {x x' +^a:'), 

2 
B' ^= — cos 4> {^x x' -\- e x' ) . 

Da nach (9) B' in alien Gliedern vorkommt, so ist cos 4> gemein- 
schaftlicher Factor der ganzen rechten Seite von (10) und kann daher 
auf die linke Seite iibertragen werden, indem wir t g 4> statt sin ^ 
schreiben. Ebenso kann durch A",,, -2 dividirt werden, und wir 
erhalten bis zur Potenz e^, wenn wir, wie iiblich, e^ als Factor auf die 

^ Nachrichten von der Konigl, Gtstll. d. Wiss. und d, Georg-Augusfs Un, zu Gbt- 
tingen. No. 13, 1883, S. 400. 
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linke Seite bringen, urn rechts nur reine Zahiengrossen' zu behalten : 

(i — 14 sin ^'+ 21 sin ^*) I 
, I r J/1 M,M' . J ,x , 105 

-^-^(1-14 sin <^'+2i sin^*) 
-^^(1-27 sin *'+io5 sin **-^ 

sin «^*)1+ . . . . 

2. Zweite Gauss' sche Hauptlage. Magnet nordlich von der Nadel 
senkrecht zum magnetischen Meridian. Wenn die Nadel nach Osten 
abgelenkt werden soil, so ist zu setzen :/=o, ^^90°, a=o°, ^8=270°, 
a— j8= 90°, womit wir erhalten : 

A = -, ( A^ -\-x'% B=^(ex'cosil>-xx' sin <^^ 
^' = ^ie ^'sin ^ -f jc jc' cos ^1 



Man erhalt daher : 



5 
8 



(13) '']^'^*='-r'Lf]^-^^('-r'"*)J+r*L> 

J/. 45 M^M' / 23 . .,\ , ^J / 21 . 

+ '°5^^-^(i-iis.n.^'+ — sm<^^) -28^(1- 

8.! sin .^^ + 19-5 ^i„ ^, .. 3003 ^j . A -| _^ 

4 8 04 ^ J 

3. ^rj/^ Lamonf sche Hauptlage. Magnet ostlich von der Nadel 
und senkrecht auf derselben, Ablenkung nach Osten, dann ist /= o, 
^ = 90°, a — <l> = fi — <f» — 90°, a — )3 = 0° und 

s>Aus(ii)ergieblsich,dass r/, -r|r und ^^ nr7 ♦ ,. »,< » -T77- und^^u. s.w. 

M Al Al AI Al Al 

von gleicher Ordnung sind. 



A LL GEMEINE A BLENKUNGSFORMEL 1 8 ^ 

^ = i^(jc'+;r'='+ 2 ex), £ = o, B' =\ {xx' -\- ex'), 

» 

Alle Potenzen von B fallen dennach weg und in (9) bleiben nur 
die mit B' allein multiplicirten Glieder iibrig. Das Resultat der Ent- 
wickelung ist : 



(14) - .'^s.n *= I + -^2 -' -3 — j+ -^3 _»-i5 



MM' 



ASM' 



^-^^\^L(,¥i ^, ^5^3' I 105 ^3^5' 



_ 35 ^' \ , 

4 J/' y "•■ ■ ■ ■ ■ 

4. ZweiU Lamonf sche Hauptlage. Magnet nordlich in der Verlan- 
gerung der Nadel, senkrecht auf derselben, Ablenkung nach Osten, 
dann ist/= o, ^ = 90°, o— ^ = 0°, y3 — ^^ 270°, a — ^ = 90° und 

= ^-,(^' + ;c"), B^-.-x', B'^--,xx'; 

womit man erhalt : 

(IS) ^ M^''"f'-'-7A-2M~^M^)^7A-^M ^mW 

I ,,^5'\ I /35^, 105^,^3' , .„, ^3^s' 
"^ ^^'/ <''\i6J/ 2 MM' ^ ^ MM' 

m: 



-.s^)+.. 



5. Endlich moge noch eine Ablenkungsart behandelt werden, 
welche sich besonders zur genauen Bestiramung der Poldistanz von 
Magneten eignet*° und vom Verfasser zu diesem Zwecke in ziemlich 
ausgedehntem Maasse benutzt worden ist. Die Lage des Stabes ist die 
der ersten Lamont'schen Hauptlage, jedoch geht die Verlangerung 
desselben nicht, wie bei dieser, durch die Mitte der Nadel, sondern 
schneidet ihre Verlangerung in einem Abstande=>^, wahrend die 
Mitte des Stabes urn die Grosse h ostlich von dieser liegt, so dass 
^*=:/^^-|-^« ist. In diesem FaHe ist /^= o, «/r = 90°, sin (a — ^) 

h h h 

= — , COS (a — ^) = --, COS (a — )3) — -, P — <^ = 90^ und 
e e e 

A= ~^{x' + x'^ + 2/tx), B^-^kx\ B'^^ ,Xxx' -^hx'). 

'"Borgen: Ueber eine neue Methode zur Bestimmung des Polabstandes eines 
Magnets, Annalen der Hydrographies 1^9 1. Kebruar und Marz Heft. Dieselbe 
Methode wurde gleichzeitig unabhangig von Mr. Blakesley in Philosophical Alagazine^ 
etc., March i89i,empfohlen, aber leider ist die elegante Form der von diesem gege- 
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Wenn diese Werthe in die Formeln (9) eingesetzt werden, so erhalt 
man, unter Beschrilnkung beziiglich der mit hoheren Potenzen als e~^ 
multiplicirten Glieder auf K^,^ und A^^ ,, und wenn alles nur durch h 
und e ausgedriickt wird den folgenden Ausdruck : 

(16) ^^-j>sin«^-3 3- — 1+ -^(+ -— 15 -, -r — - ) 

I M^ / 105/f' io5>^^^\ 

'^e'M' V "^ 2 ^' 2 ^*/ 

4- L^^/ £5 , 315i'_945^' , 693^'\ 
"^^^.l/V i8~^ 8 ^^ 8 <'^"^ 8 ^V 

I Af^M,,' / 45 ^785/^^ , ^,^/^* 

_3465i'\ 
4 e'^ 

4.L:!^5 '/_,-. 5^i'_ 535_5 ^' 

, 3465^'\ 
"^ 8 ^V 

4. 1 :^7 / 1 35 _ 315 ^' , 3465 ^ 
'^ e^ M \ '^ 16 A ^ 8 e^ 

_ 3003 ^ _, 6435 ^' \ 
4 ^^"^ 16 ^V 

4. ^ :^9 / 115 , 17325 i' __ 75075 ^ 
'^ e'^M \ 128"^ 128 e' 64 ^* 

225225 /^^ 546975 //' 230945 >^'°\ 
"'' 64 ^' 128 e^^ 128 <'"/ 

J/ 

Die Methode, diese Gleichung zur Bestiniinung von -r^ und damit 

nach (11) derjenigen der Poldistanz des Ablenkungsmagnets zu 
benutzen, besteht einfach darin, fiir ein gegebenes k dasjenige // zu 
bestimmen, fiir welches die Nadel keine Abienkung erfahrt. Ueber 
die Methode der Beobachtung und Berechnung sowie iiber einige 
Ergebnisse von Poldistanzbestimmungen wird in einer spateren 
Nummer der Zeitschrift berichtet werden. 

benen Losung praktisch nicht zu brauchen, weil sie die Lange der abgelenkten Nadel 
ganzlich ausser Acht lasst, obvrohl dieselbe eine wesentliche Rolle spielt. Ein von 
Blakesley dort erwahntes Beobachtungs-Resultat, dass die Pole sich mit zunehmender 
Entfernung zwischen Nadel und Stab rasch den Enden des Stabes naherten, verdankt 
seine Entstehung nur dieser Vernachlassigung. 
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Bisher ist vorausgesetzt worden, dass Nadel und Stab Eiementar- 
magnete seien, die nur eine Dimension, die Lange, besitzen. Will 
man auf korperliche Magnete iibergehen, so treten gewisse Zusatz- 
glieder auf, welche die Dimensionen der Magnete in Breite und Dicke 
enthalten. Nachstehend mogen, unter Hinweis auf eine Abhandlung 
des Verfassers," diese Zusatzglieder fur die im Vorhergehenden 
behandelten Ablenkungsarten angegeben werden. 

1. Parallelepipedische Stdbe, Breite 2^, 2b' ; Dicke 2//, 2d' , wovon die 
accentuirten Buchstaben sich auf die Nadel beziehen. Zu den Aus- 
driicken (12) und (13) fiir die erste und zweite Gauss'sche Hauptlage 
sind folgende Glieder hinzuzufiigen : 

" I Gauss'sche 

^ 'M n Gauss'sche , c"" r, ^ ,. ,,, , ^, ,^ ^. -1 

t Hauptlage + ,V 1^34 -45 cos r) f' ^ ^b'-d'-d-\ 

2. CyliNdrische VoUmagnete vora Radius r und r'. 
I Gauss'sche 3^' 



Hauptlage + r'[('S cos ,^-- II) <J"-^'-rf'-</"] 



(18) 



( 1 uauss scne , 3 ^ f/ j, \ r, ,n 

Hauptlage+f7'4('5<:°''^ '')''-=''■] 

II Gauss'sche , 3<'°r/ , ,\ i , , ,n 

Hauptlage + gT" L^33-45 cos r)r ' ^ ir^\ 



3. Cylindrische Hohlmagnete, Aeusserer Radius r und r', innerer 
Radius r, und r/. 



(19) 



I Gauss'sche , 3^V/ ., ^ / r, . ,.^ / « . 1 

Hauptlage + Jt^ [('5 cos .^'-12) (r"+r.")-2(r'+r.')] 

II Gauss'sche , 3^V/ ,,^ / r, . /,x . / , . ^"I 

Hauptlage + §7^ [(33-45 cos <^') (r"+r. ')+3(^+'-.')J 



Der numerische Factor c^ ist wenig grosser als i und kann etwa 
gleich 1.2, fiir Hohlmagnete jedoch nur = i gesetzt werden. 

Auf die Lamont'schen Hauptlagen geht man iiber, wenn man in 
(17), (18), und (19) cos <^= I setzt. 

Fiir die oben unter 5. behandelte Ablenkungsart endlich sind die 
Zusatzglieder resp. fiir parallelepipedische und cylindrische Voll- und 
Hohlmagnete : 

" Borgen : Ueber den Einfluss der korperlichen Dimensionen eines Magnets auf die 
durch denselben aus beliebiger Lage hervorgebrachte Ablenkung einer Nadel. Aus dem 
Archiv der Seewarte^ 1895, No. 5. Auch Professor Riecke hat die korperlichen Dimen- 
sionen beriicksichtigt. S. die in Anm. 3 erwahnten Abhandlungen. Ebenso Dr. 
Fritsche in dem in Anm. 4 genannten Werke, doch stimmen dessen Ausdriicke nicht 
ganz mit denen von Riecke und den obigen iiberein. 
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3 



{Ab^ -\-Bb' ^-\- CJ^-\- Dd' ^) 



(20) \ —'-UA+C)r'+(B+D)r'A 

4 L J 

worin die Coefticienten foigende Bedeutung haben : 



^_.6-i^5i:+ 



2 ^ 



][05//* 
2 r* 



(21) 



B=: 



33 , ^'"^ 31s/'* 

- + 150-.- 



2 ^* 



C=D-^ 



\. 



3 
2 



2 e' 



Haben Nadel und Stab nicht dieselbe Gestalt, so braucht man aus 
(17) bis (20) nur die betreffenden Gliederzu entnehnien und dieselben 
zu combiniren. 



LETTER TO EDITOR 



MAGNETIC WORK IN AUSTRALIA. 

I AM induced to give the following brief account of the magnetic 
work which has been, and is being done at the Melbourne Observa- 
tory, principally on account of an extract fron] a letter of Professor 
Schuster published in the first number of Terrestrial Magnetism, 
which has led me to believe that the information 1 am about to give 
may not be altogether superfluous. 

Nothing, in fact, has been published in regard to magnetic observa- 
tions in Australia since 1867, beyond records of absolute measure- 
ments. These have appeared regularly in the meteorological records 
of this observatory issued monthly to June 1892 and quarterly since. 

It seems, therefore, opportune to take advantage of the facilities now 
afforded by this new journal for making those who are interested in 
these matters, fully acquainted with the character of our magnetic 
operations, the means we have of carrying them out, and the amount 
of accumulated material in our possession. It will then be fairly 
understood to what extent Australian cooperation may be available for 
future investigations in the common interests of this branch of terres- 
trial physics. 

The labors of Dr. Neumayer in Australia are well known. His 
results, derived from hourly observations of the variations in the mag- 
netic elements, are fully set forth in his admirable work published on 
the subject.' Here we learn that Dr. Neumayer commenced the 
systematic registration of hourly readings in 1858, which he continued 
till February 1863 without interruption, these differential observations 
being kept under control by frequent determinations of the absolute 
values of the magnetic elements, about 40 in all, or at the rate of 8 
per year. 

The main purpose was to accurately determine the declination, 
horizontal and vertical component for a fixed epoch, and to construct 
by means of the hourly observations, curves and expressions repre- 
senting the periodical variations, and the laws by which they are gov- 

^ Discussion of the Meteorolosical and Magnetical Observations made at the Flagstaff 
Observatory ^ Melbourne. J. Schneider, Mannheim, 1867. 

191 
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erned. The task was executed with astonishing alacrity, and its 
expectations were completely fulfilled. 

Dr. Neumayer during the same period also undertook and com- 
pleted a magnetic survey of the Colony of Victoria, determining the 
magnetic elements of some 235 stations.' The only systematic obser- 
vations on terrestrial magnetism recorded in Australia previous to 1858 
are those made at Hobart in the Colony of Tasmania in 1846-50. 

The publications dealing with all magnetic work done in these 
parts of the world to the end of 1863 have long been in the hands of 
scientific men, and nothing more remains to be said here in that respect. 
It has already been remarked that very little was published in subse- 
quent years concerning Australian magnetic operations, and this is no 
doubt the reason why it has been supposed in some quarters that this 
class of work had been discontinued. Such, however, is not the case. 
After Dr. Neumayer left Australia in 1864, Mr. R. L. J. Ellery, then 
Government Astronomer to the Colonv of Victoria, assumed the 
direction of the Magnetic Department, this having been some months 
previously amalgamated with the Astronomical Observatory at Mel- 
bourne. 

The hourly observations which had been suspended since March 
1863, were not systematically resumed ; but the absolute measurements 
were continued from time to time with the same instruments and 
methods as in Dr. Neumayer*s time until the end of 1865. In Janu- 
ary 1866, the old instruments were superseded and replaced by a unifi* 
lar magnetometer (Kew pattern) and a Barrow dip circle, with which 
the determinations of absolute values of the magnetic elements have 
been made ever since, on an average ten times in each year. 

Early in 1867, the observatory obtained a complete set of self- 
registering magnetographs similar in all respects to those employed at 
the Kew Observatory, and described in the Report of the British Asso- 
ciation for 1859. These instruments arrived in Melbourne in April 
1867, and were mounted shortly after. They have been at work con- 
tinuously since then, with only one serious interruption of three 
months in 1877, when a new building was erected for their permanent 
location. Other short stoppages have occurred from time to time 
owing to accidents or cleaning and repairing, amounting to a few 
hours at most in each case, though once for a few days, when the mir- 
rors had to be resilvered. All magnetic operations since 1864, were 

' An account of this survey, the merits of which are worthy of the highest praise, 
is given in Results of the Magnetic Survey of the Colony of Victoria^ J. Schneider, 
1869. 



MAGNETIC WORK IN AUSTRALIA 1 93 

carried out by Mr. Carl Moerlin under the direction of Mr. R. L. J. 
EUery until June 1892, and from that date to the present time, I have 
had charge of the work. 

The system adopted in the making of the observations and in their 
reduction has always been the same throughout, and is in accordance 
with the rules given in the Report of the British Association cited above. 

The unifilar magnetometer (Kew pattern) and the Barrow dip cir- 
cle, are mounted on stone piers in a small wooden house at a distance 
of about 200 feet from the nearest building, from which position sev- 
eral distant objects whose true bearings are known, can be observed at 
any time for determining the zero reading of the azimuth circle, in 
observations of the magnetic declination. There is no necessity to 
give details of these instruments ; for they have been fully described 
in the Reports of the British Association and elsewhere. I shall there- 
fore mention simply their principal dimensions and constants. The 
circle of the unifilar magnetometer is 6^ inches in diameter and 
reads to 20 seconds. The magnets 18^ and 18^ are hollow cylinders 
3.9 inches in length, weighing respectively 675 and 641 grains, and 
having a collimating lens at one end and a scale on glass at the other, 
the angular value of one division being 2 '.25. 

The magnet 18^, serves for declination observations, and i8a is 
the vibrating magnet and also the deflector used in conjunction with 
the suspended magnet \%c in deflecting observations. This latter is a 
cylinder 3 inches long, with mirror attached. Magnet 18^ is provided 
with appendages for insertion of the inertia cylinder, which weighs 
1081 grains. 

For the deflecting magnet, the correction to 38° F. is : 

0.0001362 (to — 38; +0.000000636 (to — 38)' 
in which to is the observed temperature. 

The induction coefficient ft is 0.0002203, ^^^ log "^ K^^it 60° F. = 
1. 616692. 

In the dip instrument, the circles are 6 inches in diameter and 
read to single minutes. 

A complete determination occupies about four hours, and consists 
of a double set of 8 deflections, with the deflecting magnet placed at 
distances of i.o and 1.3 feet ; a double set of vibrations each including 
ten independent observations of the tinie of 100 vibrations; observa- 
tions for torsion ; four to six readings for declination, and two sets of 
32 readings made with two different needles, for dip. The table 
appended is an abstract of results, from observations made on Decern • 
ber 30, 1895. 
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Table Showing Results of Observations for the Absolute 

Values of the Magnetic Elements. 



Melbourne Observatory, December 30, 1895. 



Deflections. 



Fimt Set 
gh 23*" A.M. 



Melbourne Mean Time (civil date) 

Temperature, Fah't 67^.5 

Observed Deflection at a distance of i.o feet 12" 58' 2' 

•' ** 1.3 feet 5 52 20 



<i (( 



Second Set 
9** 44™ A.M. 

69\4 
12^ 57' 4S' 

5 52 00 



log. " " " " 1.0 feet 


9.0S354 


9.05355 


" 1.3 feet 


9.05364 


9.05339 


(m=mac:netic moment of deflecting magnet ; X=horM comp't.) 






Vibrations. 








First Set 


Second Set 


Melbourne Mean Time (civil date) 


10*" 43™ A.M. 


10^ 55™ A.M 


Temperature, Fah't 


69 ".6 


7I%2 


Period of One Vibration 


3'.7732 


3'.7740 


log mX 


0.46444 


0.46435 


m= 


0.57408 


0.57408 



Declination. 
At 11'' 34'" A.M. Observed East Declination (mean of 6 readings) 8" 16' 46" 



At u** 54"' A.M. 
Melbourne Mean Time 



Dip. 

By Needle No. 3, Dover 
By Needle No. 4, Dover 

Absolute Measures. 



67° 20' 4' 
67 19 38 



Horizontal Component 

Vertical 

Total Force 



<( 



B. A. Units 
(Foot, Grain, Sec.) 

5.07488 
12.1502 

13-1675 



C. G. S. 
0.23399 

0.56023 

0.60714 



A/A GNE TIC WORK IN A US TRALIA 1 9 5 

The magnetographs are located in the basement of a masonry 
house also detached from other buildings. They stand on stone piers 
about 3 feet below the level of the ground. The locality is admirably 
adapted for the purpose, being in the center of a large park, a mile 
away from the city, on a hill of " Silurian formation covered with cap- 
pings of tertiary deposits ; '* and there has never been any apprehension, 
or reason to fear that the action of these instruments might have been 
seriously disturbed by local circumstances. 

Photographic traces representing the oscillations of the declina- 
tion, and horizontal and vertical component, are secured by means of 
these instruments. The traces are marked on bromide paper and 
developed by the iron process. The cylinders on which the papers 
are wound being 5 inches in diameter, and one revolution taking place 
in 24 hours, the daily curves are 15.7 inches in length, or a length of 
abscissa of 0.65 inches represents one hour. Two days* curves are 
marked on each sheet. 

Besides the photographic registrations, the position of the magnets 
can be observed at any time by telescopes provided with scales 10 
inches in length and divided into 500 parts, reading by estimation to 
0.002 inches or 0.05'"™. Gas light is used for the production of the 
photographic traces. The maximum and minimum temperature of 
the room is observed every day ; the scale readings are always recorded 
twice daily ; and the readings of the base lines are frequently taken to 
check the rigidity of the telescopes and scales. The absolute values of 
these base lines are deduced from the observations made with the uni- 
filar magnetometer and Barrow dip circle, and thus a control over the 
instruments is maintained. 

The determinations of the value of one division of the scales and 
of one inch ordinate on the photographic curves are made from time 
to time. The last values were obtained in March last and are as 
follows: 

Value of one Value of one 

division of scale inch ordinate 

Declination o ' .822 28 ' .947 

Horizontal P'orce 0.000324 (in parts of force) 0.011275 (in parts of force) 

Vertical Force 0.000199 ( " ) 0.009777 ( " ) 

These coefficients are determined by the deflection method. The 
accumulation of the daily traces extends over a continuous period of 
twenty-nine years. The commencement and end of each curve, the 
corresponding reading of the scales and the absolute value of the base 
lines, are available for the complete reduction of the records. 
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So far these daily curves were only cursorily examined on the 
occasion of remarkable disturbances, and sometimes used for reducing 
absolute measurements to the mean of the day ; beyond this no other 
information has been systematically derived. 

We have felt for a long time that a thorough discussion of this 
large quantity of material ought to be undertaken. My predecessor 
recognized this necessity ; but owing to the meteorological service 
increasing every year, the meridian astrophotographic, and other astro- 
nomical work claiming the closest attention, and the multitude of other 
scientific obligations inherent to the national character of the institu- 
tion, it was not found possible to deal thoroughly with the magnetic 
records, and in later years we were often forced to consider the desir- 
ability of discontinuing this work altogether. Now the conditions are 
much worse, as the staff has been diminished during the last four years 
by the retirement of three of its members besides Mr. EUery, while the 
amount of work generally has as far as possible been kept at the same 
standard. But now as before the strong reason for keeping up the 
magnetic registrations, is that at no other place in Australasia but the 
Melbourne Observatory, has this class of work ever been undertaken, 
excepting the series of observations made at Hobart, Tasmania, more 
than half a century ago. 

Naturally I feel that it would be of little value to go on collecting 
records, if we cannot make use of them ; but the plan for submitting 
all the data to a thorough discussion is under consideration, and I 
only await the opportunity of obtaining from the government some 
extra assistance to carry it out. 

P. Baracchi. 

Melbourne Observatory, 
May 19, 1896. 




NOTES 



The delay in the appearance of this number has been caused partly by the 
absence from Chicago of the editor who is at present engaged on the work 
referred to below and partly by the preparation of the colored plates, the 
expenses of which have been borne by the authors themselves. It has like- 
wise not been possible to prepare notes on current events. 



Magnetic Obsentations en route to Greenland. Mr. G. R. Putnam, Assist- 
ant in the U. S. Coast and Goedetic Survey, accompanied the expedition to 
the west coast of Greenland, under the leadership of Professor A. E. Burton, 
of the Massachusetts Institute of Technology, for the purpose of making mag- 
netic and pendulum observations. A complete instrumena 1 outfit belonging 
to the Coast and Geodetic Survey was used in the work. The party sailed 
from Sydney, Cape Breton, on July i6, 1896. with Lieut. R. E. Peary, U. S. N., 
on the steamer " Hope," and returning reached Sydney on September 26, 
1896. Magnetic observations, including declination, dip and intensity meas- 
urements, were made by Mr. Putnam at Halifax, Nova Scotia, Sydney, Cape 
Breton (two stations), Turnavic, Labrador, Ashe Inlet, Hudson Straits, God- 
haven, Greenland (two stations going and returning), Umanak, Greenland, 
and Niautilik, Cumberland Sound. Umanak in latitude 70"* 41' is the most 
northern of these points, but Ashe Inlet and Niautilik are nearer the mag- 
netic pole. The observations will be published in the near future. 



THE MAGNETIC SURVEY OF MARYLAND. 

The Maryland Geological Survey, in an endeavor to make its work fun- 
damental and at the same time of the greatest value to the material interests 
of the state, has taken up, in its preliminary investigations, a thorough study 
of the magnetic conditions afifecting that portion of the Earth's crust within 
the borders of Maryland. In addition to the importance of this work upon 
the future observations and determinations of the great rockmasses con- 
tained within the state, these investigations will be of immediate practical 
benefit to all land surveyors and from that standpoint alone justify the under- 
taking. 

The investigations are being conducted by L. A. Bauer, under the direc- 
tion of the state geologist. Professor W. Bullock Clark, in charge of the 
Geol«»gical Department of the Johns Hopkins University. By the courtesy 
of the Secretary of the Treasury, one of the new and improved instrumental 
outfits of the Coast and Geodetic Survey has been placed at the disposal of the 
Geological Survey of Maryland during the summer and autumn months of 
the present year, an arrangement which has alone made the work possible. 
At the same time the American Association for the Advancement of Science 
has allotted to Mr. Bauer a sum of money to aid in carrying on the investiga- 
tions. 

Although the importance of magnetic surveys appears to be generally 
recognized, no systematic work of this kind has been undertaken in this 
country by the separate states, with the present exception. Professor F. E. 
Nipher, in carrying on his Magnetic Survey of Missouri during the years 
1878-83, embracing on the averaj^e one station to every 435 square miles, 
was dependent wholly upon private contributions. 
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COMPARISON OF THE MAGNETIC INSTRUMENTS IN THE 
OBSERVATORIES OF THE BRITISH ISLES. 

The committee appoimed by the British Association for the purpose of 
comparing the magnetic instruments in the dififerent observatories of the 
United Kingdom, presented a report to Section A of the Association, at its 
Liverpool meeting in 1896, showing that the comparison of the Kew stand- 
ards with the instruments in use at Falmouth, Stonyhurst, and Valentia was 
carried out, during the summer of 1895, by Professor A. W. Riicker and Mr. 
W. Watson. 

At Greenwich no comparison could be made because the magnetic sur- 
roundings of the decimation needle in use there made it necessary, in order 
to be certain of the accuracy of the results, to place the comparing instru- 
ment on the same site, but the peculiar form of the Greenwich needle makes 
it impossible to put another in its place. 

The magnetometer and dip circle used in the recent magnetic survey of 
the United Kingdom were transported from place to place for the purpose of 
making the comparisons, having been compared with the standard instru- 
ments at Kew Observatory in July, before setting out, and again in October 
upon the completion of the work at the other observatories. The compar- 
isons were made as follows : "Let Co and C be the readings of the self- 
registering instruments at the time when the value of the element was deter- 
mined by the Kew standard (K) and No. 70, the comparing magnetometer, 
(S), respectively. Then K— Co = Zo and S— C = Z are the values of the 
zero-line of the self-registering instrument according to the two observations. 
But, if the observation with No. 70 has been made at the same instant as 
that with the Kew standard, and if the zero-line remained unaltered in the 
interval which actually occurred between the two experiments, the simul- 
taneous values of the element given bv the two instruments would have been 
K and S = S -fCo -C; therefore, K - S= K — Co — (S— C) =Z^—Zr 

A summary of these results is given in this table, which is to be read from 
left to right, thus : The declination given by the Kew standard = that given 
by the Falmouth instrument — 0.8. 

Falmouth Stonyhurst Valentia 

— 0.8 ^ I .1 —0.0 Declination 
Kew — I .6 -|-2 .2 —I .8 Dip 

— o .00018 — o .00006 -|-o .00029 Horizontal Force 

(C.G.S. units) 

G. W. LiTTLEHALES. 



DISTRIBUTION OF MAGNETISM IN SOUTHERN SWEDEN. 

Carlheim-GvllenskOld, v.: Mt'moire sur ie Magnitisme Terrestre dans 
la Suede Mendiofta/e, Kongl. Svenska Vetenskaps-Akademiens Hand- 
lingar. Bandet 27, No. 7. Stockholm, 1895, 4 . 93 pp-i 5 plates. 

In the important work before us the author has attempted, with the aid 
of old and new observations, to give for the epoch September i, 1892, a rep- 
resentation of the actual distribution of the magnetic elements in southern 
Sweden. It is unfortunate, as the author himself has recognized, that 
Angstrom's numerous observations were not at his command for this purpose. 
The observation data, which in general were unreduced, had to be corrected 
first for the daily and the secular variation. As, sad to say, there is no 
magnetic observatory provided with self-registering instruments in Sweden, 
use had to be made in the reduction xo mean of dav of the term observations 
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1st and 15th of month) made during the polar year 1882-3. As the diurnal 

variation varies with place and date the correction thus obtained was, of 

course, only approximate. Furthermore, to reduce the inclination to mean 

of day, the data of the Pawlowsk Observatory had to be utilized. 

To obtain the secular- variation correction, formuliE were established for 

places where long series of observations were obtainable, viz., Copenhagen, 

Gothenburg, Christiania, Stockholm, Upsala and Haparanda. At first a 

quadratic parabolic formula was used to represent the horizontal-intensity 

observations, but as it was found that the coefficient of the second term was 

very small for all the stations with the exception of Upsala,* a simple linear 

formula was employed. Next the time coefficient was expressed as a linear 

ii 1/ 
function of the latitude, the final formula for the annual change —r— . >" 

units of the fifth decimal C. G. S. being, 

V LI 

-j-r= 13-44-0.647(0- 59^'-i3) i 1-32 (/ccos 0- 1^48). 

where = latitude and k — longitude, reckoned west from Stockholm. 

For the secular variation of the declination a four-term series (argument 
time to fourth degree) was employed. As it was found that the coefficients 
of the dififerent terms for the various places were nearly alike, the final formula 
used was obtained by taking the mean coefficient for each term, viz.: 

A Z) = [0.3778] (/— 1800) -f [9.0588//] (/— 1800) » 

+ 15-9595 «] (/— i8oo)3-f [4.7021] (/— l8oo)^ 

the bracketed quantities being the logarithms of the coefficients. This close 
agreement of the coefficients is a matter of some surprise for, a priori, one 
might expect that, since the product Htg^D is an intensity component of the 

same kind as , it should likewise vary with locality and according to 

somewhat the same laws as those of the latter component. 

For the representation of the secular variation of the inclination a three- 
term series (argument time to third degree) was used. In this case, how- 
ever, the coefficients were found to be dependent upon geographical position. 
But since the observations were insufficient to permit expressing the 
coefficients of the higher terms as functions of and f, the mean values 
simply were taken and only the coefficient of the first term was treated as a 
linear function of and «. The final formula obtained was : 

A /= [_ I .437 4-0.129 (0 — 60^) ^ O'.OIOI ic] T -f I '.683.io-'r» 

-ho .304.IO-JT3, 

where the time, r, is reckoned from the year 1850. It should be mentioned 
that the observations, before the computation, were combined into eleven-year 
means, in order to eliminate as far as possible the sun-spot and polar-light 
period. 

In this manner all available observations were reduced to the same epoch, 
giving 

Declinations at 278 stations, or one to every 532^'"". 

Horizontal intensities at 336 ** ** " 441 '* 

Inclinations at 233 ** " " 635 " 

* This fact appears to be of some interest since there are considerable local dis- 
turbances at this place which most likely exert an influence upon the progress of the 
secular variation. Of course it is also possible that this case of exception is partly 
accidental, since the series of observations extends back onlv to i86q. 
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The isomagnetic lines of all three elements were next drawn without 
elimination of local disturbances. As was to be expected, these curves pre- 
sented a most complicated appearance, in the case of the isogonic chart, for 
example, there are no less than 35 isolated closed areas. The author next 
proceeds to a mathematical discussion computing first the surface density 
requisite to produce the observed distribution. This was done with the aid of 
Gauss's formula Allgemeine Lehrsdtze, etc., § 35) viz.: 

-4 T (T = i (/>: > -.P. - 5A - 7^3 + ) 

or 

— 4T<r = -+ 2J, 

where ^ = Earth's mean radius, U= Earth's magnetic p>otential, and V ■= 
vertical intensity. U can be obtained to within a constant term by integra- 
tion of the equation : 

d U^^ — H cos c t/r, 

ds being the arc element of the Earth's surface and e the angle it makes with 
the magnetic meridian. The surface density 9 obtained thus, reckoned from 
an arbitrary zero point, the author regards as the sum of two quantities 9' and 
tf^ , of which the first is to be referred to the normal distribution of the 
Earth's magnetism and for the area considered can be taken as linearly vari- 
able with geographical position, viz.: 

<J = tf^. -|- tf,o (0 — ) — a,, (k _ K^ « 

By the method of least squares 9' was obtained and then the residuals 
9 ' —ff — ff were derived ; ^ ' was then to be regarded as representing the 
surface density of the disturbing magnetic masses. After representing 
cartographically in colors the distribution of the disturbance surface density, 
the potential. C, was treated in a similar manner except that in the computa- 
tian of Ui, of the normal distribution terms of the second order likewise had» 
of course, to betaken into account. The chart of the equipotential lines of 
the disturbing masses, as was to be expected, exhibited great similarity to 
that of the distribution of <r \ so that, as a rule, a maximum of south-pole 
magnetism on the latter chart corresponded to a minimum potential on the 
former and z'ttre 7'ersa — the two methods of representation thus mutually 
checking each other. Again, both charts, as far as the positions of the max- 
ima and minima are concerned, agree, on the whole, very well with that 
which might be expected from the distribution of the iron bearing rocks. For 
details we must refer to the original. The author finally raises the question 
whether the magnetic rocks have been magnetized by induction in the Earth's 
field, or whether they contain permanent magnetism, in which latter case their 
magnetism can be considered to be an integral part of that of the Earth's. 
In the first case, one would expect that the maxima of the south-pole mag- 
netism would be more sharply defined and distributed over a much smaller 
area than those of the opposite magnetism, but the author finds that the 
ratio of the areas of positive and negative disturbance surface density is as 
7:6, or nearly unity, which apparently would declare in favor of the second 
hypothesis. It seems to the reviewer, however, that this can only have been 
the result of including in the computation the surface area of the surround- 
ing ocean, and that, therefore, this question must still be regarded as an open 

one. E*. SOLANDER. 

* The last temi would really have to be further multiplied by cos 0. 
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Sella, Alfonso : Misure relative della componente horisontale del magne- 
tismo terrestre sul Monte Rosa, a Biella ed a Roma, Roma, 1 896. 

Cel opuscule se rapporte k des mesurements ex^cut^ par I'auteur en 1 893 
et 1894 aux points suivants : 

Sur le Mt. Rosa : glacier du Grenz (punta Gnifetti) k une hauteur de 
4300"* ; glacier de Garstelet, pr6 aux environs de Gressoney la Trinity. 

A Biella : haute plaine d'alluvions alpines k la gauche du torrent Cervo. 

A Rome (en 1894 seulement) : la Farnesina, d^jk ^tudi^e en detail par M. 
Folgheraiter. II se servit d'une barre de 16'"* de longeur pesant 40*', 
aimant^e il y a vingt ans, ce qui garantissait la Constance du moment 
magn^tique. Comme dur^e d'une oscillation complete on trouve : 



En 1893. 




£n 1894. 




Biella . . - . 


11,6708 sec. 


Biella - - . . 


11,6766 sec. 


Punta Gnifetti 


11.7346 " 


Rome .... 


11,1433 " 


Glacier Garstelet 


. 11,7228 " 


Punta Gnifetti - 


11.7338 ** 


Gressoney la Trinity 


11,8821 " 


Glacier Garstelet - 


11,7220 " 






Gressoney la Trinity - 


11,8885 *' 



Ce qui donne comme rapport entre la composante horizontale {Hb) de 
Biella et celle du sommet de Monte Rosa, Punta Gniffetti (Ho) 

H b:Hg= 1,0104. 

La comparaison entre Novara et plusieures stations pres du lac de Lucerne 
donnant une difference moyenne de 0.00032 par minute de latitude pour la 
dite composante horizontale, il en r^sulte que sur les 21 minutes de distance 
entre Biella et Punta Gnifetti Ton devrait avoir ; 

Hb:Hg= 1,0067 

au lieu de la valeur observ^e, ce qui laisse entrevoir pour //une diminution 
de 0,001 par kilometre de hauteur ; la difference de niveau des stations ^tant 
de 4000"* k peu prds. Du reste I'auteur fait remarquer la nature fortement 
magn^tique des rochers serpentins et amphibolitiques trouv^s sur le terrain. 

P. W. 
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B ATA VI A. Observations made at the Magnetical and Meteorological Observatory 
during the year 1894. Vol. XVII. 1894. Batavia, 1895. 26x36*^"'. Pp. 233. 
[Contains tne customary observaticms and results for 1894 and'an Appendix "On 
Lunar Diurnal Variation of Magnetic Elements at Batavia, 1883-1894, Part I."]. 

BoRGEN, C. Ueber den Einfluss der kdrperlichen Dimensionen eines Magnets auf 
die durch denselben aus beliebiger Lage hervorgebrachte Ablenkung einer Nadel. 
Aus dem Archiv der deutschen Seewarte, XVIII. Jhrg., 1895, ^o- 5* 22x29^™. 
Repr. Pp. 12. 

Chree, C. Observations on Atmospheric Electricity at the Kew Observatory 
Proc. R. S.. Vol. LX, No. 360, pp. 96-132, 1896. 

Elster, J., und Geitel, H. Bericht iiber die Ergebnisse neuerer Forschungen auf 
dem Gebiete der atmospharischen Elektricitat. 8. Jahresber. d. Vereins fiir 
Naturw. in Braunschweig. 13.5 x 22*^*". Repr. Pp. 17. [The original of paper 
presented at the International Meteorological Congress, Chicago, 1893. C/. p. 

* Not as yet otherwise noticed in the Journal. As the conventional sizes of 
publications vary so considerably, it has been decided to give the actual outside dimen- 
sions, viz., the breadth and length, the former being given first. 
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IC2. The authors have callei 2::er.t:'»n. in the Mele<>rf'.:if:>rhe Zeilschritt tor 
Feb. 1896.10 vari«>u> error> contained in the lran>lali':'n : iheoriemai should there- 
fore l»€ consulted!.] 

EscHENHAGEN, M. Werthe Jer erimagneti>chen hicmente zu Pot>dam fiir da:> Jahr 
1S05. Repr. Annaien d. l'hy>. un»i Chemie. Neue Folge- B-i. 5S. I!:Jq6. 14.5 
X 22~. Pp. 775-776. 

. Ul*er die Aufzeichnunvj ><:hr k'.e.ner Variationen de> Erdmajfnctismus. 

Sitrb. d. Kgl. Preuss. Aka-i. J. \V:>>. zu Berlin. XXXIX. 18x25.5=. 965- 
Q06. 1S06. 

FlemiN'.. J. A. Kiectric and magnetic research at low temperatures. Lecture before 
RovaJ Inst, of Great Bntain. June 5. iSoo. Repr. 14x21.5 -. Pp. 30. 

. The Earth a Great Magnet. Lecture delivered during the recent meeting 



of the British Association. 

Keller. F. Suir Intensita <.»n7z*>ntaie del Magnetismo Terre>tre nei Pressi di Roma. 
Frammenti concemenli la Geohsica dei Pressi di Kiima. N. 4. Roma. 1S96- 
19 X 27--. Pp. II. 

Klos5<:»wsky, a. Annales de TObser^atoire MeteoroiogiJ^ue et Magnetiv|ae de 
I'l'nivcrsitc Imperial a Odessa, pour 1895. (Jdessa, 1890. 24 x3i.5-^. 

L.\GRA.N'GE, C. Magnetisme terrcstre. La declinaison d'une bouss4>le libre et a 
I'etat statique, est-elle ind^pendante de .-^jn moment magnetique .* l.>bscrvation& 
de declinom^tres a moments difif^rents. Mem. d. I'Acad. roy. des sciences, etc. de 
Belgique. T. LIII. Bruxelles. 1S96. 23.5 x 20"^. Pp.40. 2 plates. 

M.ULSH. C. C. Magnetic observations at the L'nited States Naval Observatory in 1894, 
by Lieut. C. C. Marsh, U. S. N.. Capt. F. V. McNair. L". S. N., Superintendent. 
Washington Observations. 1S94. App. I. Washington. 1S95. 23x29-"^. Pp. 
114, frontispiece. 12 plates. 

Paulsen. A. Regime magnetique de Tile de Bomholm. Extrait du Bull.de I'Acad. 
Roy. d. Sciences et d. Lett, de Danemark. Copenhague. pour 1 896. 14.5X 23^^. 
Pp.' 42. 

Rl'CKER, A- W., and Thorpe, T. E. A magnetic survey of the British Isles for the 
epoch January 1. 189 1. Phil. Trans, of the R. S. <A). Vol. 1 88, London. 1896. 
24x30.5^^. Pp. 661. 14 plates. [Probably the finest testimonial to the impor- 
tance of the study of terrestrial magnetism thus far published.] 

L'. S. Coast and Geodetic Sur\'ey, W. W. Dl'FFIELD. Superintendent. Distribution of 
the magnetic declination in Alaska and adjacent waters for the year 1895, with 
two charts. By C. A. Schott. Report for 1S94. App. 4. Washington, 1S95. 
23.5 X 29 '^. Pp. 89-100. two charts, 

. . Notes on some instruments lecentlv made in the Coast 

and Geodetic Surrey office. By Edwi.n Smith. 23.5x29™. Repwrt for 1894. 
App. 8, Washington. 1895. Pp. 265-276. 4 plates. [PI. III. gives an illus- 
tration of the new C. & G. S. magnetometer and altazimuth instrument. A 
description and a reproduction of plate will be given elsewhere.] 

Weather Bureau. L'. S. Department of Agriculture. Responses to Programme of 
Questions proposed for discussion at the International Meteorological Conference 
held in Paris. 1896. Prepared under the direction of W. L. Moore, chief. W. 
B. No. 104. Washington, 1896. 14.5x23'^=. Pp.30. 

Wild. H. Theodolith fiir magnetische Landesaufnahmen. Repr. Vierteljahrschrift 
d. Naturf. Gesell. in Ziirich, Jhrg. XLI. i8q6. Jul>elband. 15 x z},— . Pp. 26. 

. Verbesserte Constructionen Magnetischer L'nifilar-Theodolithe. Memoires 

de I'Acad. Imp. d. Sciences de St. Peter>lv>urg. VIII.-* serie. Classe Phys.-math. 
Vol. IIL No. 7. 1896. 25x33^'". Pp.32. 5 plates. 




The Comptometer pertonns 
All Arithmetical Problems 

Connected with accounling and scientific 
compulalion at a saving oi sixtv percent. 
[>f time. It insures absulule accuracy and 
relieves all mental strain. Foots scat- 
tered ilemii just as well as regular columns. 
Many, after trying one Comptometer, 
have purchased two, three and four. 

Dr. DmiUl Drap^-r, Ph.D.,Diriclo>- Mell. 
erologiial Obserualory, Dfparlmeal of Public 
Parks. .\W<. York, writes; "I lind that it 
takes very little more time to obtain (he 
adings with the Comptometer than it did from the observ a- 
. 7 \.\\., 2 P.M. and 9 P.M. .My clerk is getting to use the 
IS quick in addition and division as an expert typewriter can use his 
: does square root on the Comptometer with facility and many times 
faster than can be accomplished by the ordinary arithmetical way. '['he Comptom- 
eter, in the form you have it, is an instrument I have long felt the need of." 
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